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tEougb the following work is a compilation, and can 
rdly aspire to the praise of great originality, yet the au- 
I hope that it will he found, on examination, 
to bear a fciorable comparison with similar works, in per- 
spicuity of style and arrangement, in practical utility, and in 
adaptation to the waala of young learners, — a class for whom 
it is especially designed. 

The author has studied simplicity in the arrangement, by 
distributing the wbole subject into three general heads, de- 
nominated roapectively. General Principlea and Lawt, The 
J^lenients and their ComlinatioKs, and Organic Chemistry. 
Since most of the pupils in our sciiools hate the opportunity 
of studying appropriate works on Natural Philosophy, he 
has not deemed it necessary or advisable to treat here of 
the viccJianical laws of attraction, heat, light, electricity, and 
magnetism, hut by confining himself strictly to chemical 
laws and phenomena, he Iiaa gained space to treat those 
subjects with the greater freedom and fulness, and to dwell 
more at large on their important applications to the ai'ta 
and to the phenomena of nature. 

Wicli the hope of rendering the work more useful to 
the pupil, and more acceptable to the instructor, three arti- 
cles are added: one on E^periiaenta, containing a copious 
selection adapted to a complete illustration of the text; tie 
second on Chemical ProccsKS, describing varioiifi Qij«ia!isi-w«. 
(if cbe Jaboratory; and a, third on CHemical Aippwratw**"™- 



which certain forms of apparatus not mentioned in the for- 
mer parts of the work are described. 

In the preparation of the work, a great number of the 
«no8t approved authorities have been consulted, but more 
especial use has been made of the excellent treatises of 
Fowne & Ginelin. The author has also been favored with 
the advice of his father. Professor Olmsted, and has re- 
ceived many valuable suggestions from Mr. William J. 
Craw, of the Tale Analytical Laboratory. 

New Haveah /tme, 1851. 
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ADVERTISEMENT 



All the engravings of this work are published in a pamph- 
let form, which may be had at a trifling expense. The 
publishers have printed the figures in this separate form at 
the request of several teachers, that the pupils might be 
able to recite from the figures without the text A few of 
these pamphlets may answer the purpose of a set of expen- 
sive diagrams* 
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; chemisCry, particle* 

; earlh, and water, when considered with reference fa 
constituent elements, belong to chemistry ; when in 
to the vast raaases of the atmosphere, the land, and 
ocean, they come under natural philosophy. 
:. Chemistry is divided into organic and inorganic, correa- 
iding to the two great departments of nature, — the living 
' the inanimate. Organic chemistry investigates the 
imposition of liodies passetaing life, and the ehanget produ- 
ced in thete bodies by other mhslances. Inorganic chem- 
istry pertains to inanimate nature, and includes the compo- 
'^ion and mutual agencies of bodies not organic, 
"^ 3. The properties of matter are chemical or mechanical. 
Se chemical properties are those which produce a change 
tie cotutitutioH or nature of bodies ; the mechanical, 
which alter their figure or position. The extraction 
'Of the juice of apples by preaaure, is mechanical; but the 
Bpontaneoua change which the juice undergoes by fennen- 
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tUion, is chemical. The mixing of flour, yeast, and waier, 
18 a mechanical operation ; but theEe ingredients pass 
diroQgh a chemical process when they ferment and are 
converted into bread. 

4. Analy»u and tynthtsU are two methods of inquiry 
into the constitution of bodies. Analysis is derived from 
I s Greek word, which signifies " to resolve," and denotes the 
I reaolution of a body into its component parts. It is that 
\ method in- chemUtry by which the elementt of a body are dU- 
I eevered liy resolving it into it* compoHtnt parti. Syntbeaili 
I is the opposite of analysis. It is derived from a Oieek 
I word, signifying " to put together." It is that method in 
I thetnistry by which the amatitution of a body it determined 
' hy uniting its components. 

\ 5. In entering upon the study of chemistry, it is neces- 
r aary to understand the following properties 



(1.) All matter is made up of a vast number of extremely 

ninute particles, called molecules, or atoms. The particles 

\ of one grain of copperas (sulphate of iron) dissolved and 



[ diffused in twenty-four million grains of water, will still 
be easily detected by the proper chemical test.* 

(2.) Matter U indistrvcfible. The elements of which bo- 
dies are composed, are continually changing their forms and 
modes of combination ; but in all these changes of form, they 
stil) remain unchanged in their nature and properties. Fire 
conBumea wood, and the wood appears to be destroyed ; 
but from its combustion other plants derive new life, imbib- 
ing, through their leaves, or the soil, most of that which es- 
capes in smoke or remains behind in ashes. Ice is changed 
into water, and water into steam, by heat ; but in the form of 
clouds and rain, of dew, snow, and hail, wiitery vapor is 
returned again to the earth. Ceaseless change, with a final 
restoration of every particle of matter, attends all the phe- 
nomena of nature. 

(3.) Attraction is a tendency of different portions of matter 

towards each other. It may exist between masses or parti- 

L clee. The attraction between masses is called gravitation, 

I snd the consideration of it belongs to natural philosophy ; 

* Fcrioc;anure[ of potuh. 
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it between particles belongs to chemistry, and includes d 
_ tgalion, a^nilff, and cohesion. Aggregation unites partiaw 
of the *ame kind in one body, as tbe particles of lead in ■ 
muaket ball. Affinity unites different particles in one body, 
as particles of copper and zinc to form brass. Coheaion 
unites particles inemanicaUij, and may be overcome by me- 
chanical means, as that of a lump of sugar by grinding. 
The attraction of gravitation acts at all distancM, as when 
a ball falls towards the earth, or when tbe sun attracts one 
of the planets. The several kinds of attraction which exist 
between the particles of matter, act only at imentUile du- 
tances, aa the force which binds together particles of gold 
by aggregation, or particles of copper and tin in bell metal 
by affinity, or grains of sandstone by cohesion. 

(4.) Repulsion is opposed to attraction in all its forms. At- 
traction binds together the particles of matter; repulsion 
causes them to separate more widely. In solids, attraction 
prevails ; in liquids, attraction and repulsion are in equilibri- 
um; and in gases, (or bodies in the form of air,) repulsion 
entirely overcomes the force of attraction. These effects 
generally depend upon Leat. At a low temperature at- 
traction prevails ; almiut all bodies lusuTite the solid Hate at 
a low temperature. At a higher degree of heat, repulsion 
neutralizes and finally destroys cohesion, and all bodies as- 
sume the gaseous state. Thus, zinc at common tempera- 
tures is solid, the particles being firmly united by coh&- 
sion ; at a higher temperature it melts, and at a very high 
t4Hnpcraiurc it is volatilized, or driven off in vapor or gas. 
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The cause of the phenomena of heat is unknown, 
sup[)05ed to be a highly attenuated, imponderable 
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SUMENTS or OBIBuaTBr. 



Blanco, tlie particles of whicli repel each other, 
tracted by other subetances. To this substance the iiamt: 
caloric is giren. It will be convenient to consider the phe- 
nomena of heat under the following heads ; 1. lU ejfeet* .- 
2. Its diatnbutim .■ 3. lis guaneity .- 4. Jta lourca. 

7. The leading efl'ects of heat are, to enlarge the dimen- 
sions of bodies, and to reduce solids to liquids and liquids 
to gases. These effects are deaignated by the terms ej^patt' 
*ion, liqucfactum, evaporation and vaporization. Tbe with- 
drawal of beat reduces gases to liquids and liquids to sol- 
ids ; the first is called cimdensa/ion, and the second congela- 
tion. 
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8. All bodies, whether solid, liquid, or aerifaiin, are expan- 
ded by heat and contracted by cold. In solids, the degree of 
[pansion is usually small, and difibra much in ditferent bo- 
"- *■"' ^^ greatest in the metals. Liquids expand by 
lore than solids. They differ, however, from 
In the power of expansion, and even the same 
expanded equally at different degrees of tem- 
)ing more expanded at a high than at a low 
by equal additions of heat. Thus 10° added 
to alcohol when hot, will expand it much more than the 
same number of degrees applied to it when cold. Those 
liquids vary most at different temperatures, whose boiling 
points are the lowest. Gases expand much mora than 
either solids or liquids. The great expansion of air by heat 
may be shown by filling a smtdl phial (Fig. 1.) about half 
full of water, colored with cocbincal or carmine, 
'" ■ Through the cork a tube passes nearly to tbe bottom 

iof the phial. If the hand be applied to tlie top of 
the phial, the air within will be expanded and drive 
the liquid up the tube and out of the top. It will be 
necessary to cement the cork bo as to be air tight. 
The expansion of substances by heat is a principle 
of great value and of frequent application. In put- 
ting tire upon wheels, blacksmiths make the iron lim 
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little smaller than the wheel, and then heat it red hot. 
lis enlarges the rim to such a degree that it will I'eadily 
tcompase the wheel. When this has been applied to the 
'"jel, it is suddenly cooled, and by its contraction binds 

work very firmly together. 
A piano gives a higher tone in a cold than in a warm 
room, on account of the contraction of the striiiga ; a nail 
driven into the wall, becomes loose after a time, because 
the iron expands in summer and contracts in winter more 
than Btono or wood, and thus the opening is gradually en- 
larged. For this reason, in the construction of railroads, the 
rails must not be laid too closely together ; in the arrange- 
ment of steam pipes, they must not be too firmly inclosed. 
In roofing, the zinc plates, instead of being nailed together, 
roust overlap eacii other, tliat they may neither tear nor 
^arp by alternate contraction and expansion. G-as pipes 
laid several feet beneath the surface of the ground, tliat 
r joints may not be loosened by changes of tempera- 

. A very useful application of expansion by heat, is in 
iutt.ing glass by a hot iron, as is constantly praclieed in tbe 
laboratory. The glass to be cut is marlccd with ink in tbe 
desired direction, and then a crack, commenced by any con- 
venient method, at some distance from the desired line of 
fracture, may be led by the point of a heated rod along 
iliis line with the greatest preciaiori. If the nock of a bot- 
tle be turned around in a red hot iron rod, and 
then suddenly dipped in water up to t!« 
line, it wiU be instantly taken o(f aa smooth 
and true as if it were cut by a diamond. White 
glass bottles answer better for this experiment 
than the thicker dark colored. Hard rocks are 
sometimes broken in the same maimer. A firo 
ia kindled on the rock auiScient to render it nearly 
or quite red hot. Cold water is then suddenly dashed on, 
and the rock splits into numerous fragments, which are 
easily removed by wedges. 

10. In warm weather the rod of the pendulum ia lengthen- 
ed, and the clock goes too slow; in cold weather it is shortened, 
and the clock goes ton fast. To remedy this irregularity in 
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ilie movement of a clock, a ppiiilulum has 
lieen cuntrivi'd, which ia called, Irum its form, 
the gridiron peitdtUum. (Fig. Z.) The shaded 
bars, J, i, f, are maile of iron : tlie light bars, 
h, b, of braes. During the heat of aummer 
the bars i, t, will expand a certain length, as 
to the line, a ; but ttie same lime the bars, b, b, 
will expand upwards more than i, i, expand 
downwards, bocauEe brass expands more than 
iron. The pendulum, p, would therefore be 
elevated instead of lowered by these two es- 
pansions. But the bar, e, also expands down- 
wards, and therefore lowers the pendulum, p, 
to tlic proper distance from its point of sus- 
pension. By adjusting the length uf the bars, 
-' t, i, e, and b, b, to each other, it is evident that 
the compensation pendulum will keep nsarly 
the same time at all temperatures. 
A still simpler compensation jicndulum la rbos 
constructed. The weight, j), instead of a metallic 
disk, consists of a cylindrical glass jar, (Fig. 4,) con- 
taining mercury. This glass jar is held in the ex- 
tremity of the eteel pendulum rod, «, », s, called the 
"stirrup." The same increase of temperature 
which will cause the rod, r, to descend, and become 
lunger, will also cause the mercury to rise, so ibat 
lA,e center of motion of the pendulum thall he at the 
tame distance from the point of suspension. 

When different metals are united together, asa 
strip of iron to a Ktrip of brass, (Fig. 5,) and expo- 
sed to heat, their different degrees of expansion 
will cause the compound bar to assume a curved 
figure. If three strips of metal, as copper, zinc, 
and tin, be riveted only at their extremities, the 
tin being between the oth- 
er two motala, they will bo 
bent into a curve on each 
side of the strip of tin. 

11, Asimilar arrangement 
is applied in the construc- 
tion of the balance wheel 
of a watch, (Fig. 6.) Every 



r>t.&. 




JiauidSi''' ^''1 '' ">B griiliran pendulum dsHinicil u> len 
3/ BTirei'TP' Fig. 3. How is the mercutial ^EtiJaYvira 
' 5. How i 



,^4,^ 



s the balance wkieel o( a ""tteti. t>: 




i Jis- 



le of temper 
meter of the wheel, and cotiaequent- 
ly greatly affect its rate of going. To 
obviate this, llie circumference of the bal- 
ance wheel is made of two metals, the 
most expansible being oil the outside. , 
The compound rim is also cut 
in two or more places, aa repret 
the figure. The effect of this arrange- 
ment is, that when the temperature of the wheel is increas- 
ed, the rim benda inwards, as in the first part of Fig. 5, 
UtiPards the center, thus coinpenaating the expansion of the 
diameter which would can-y it Jram ike center. The c 
of gravity of the rim, therefore, remains at the aamt 
tance from the ceuter of the wheel, which ii 



I used, in the building of grales for 
m bridges, &c., it is indiapensahle to 
make provision for the changes of dimensions by expansion 
and contraction. The two side walls of the Gallery of Arts 
and Measures, at Paris, having become inclined outwards hy 
the great weight above, the walls were perforated on op- 
posite sides, and strong iron bars introduced. The ends of 
these bars projected beyond the walla, and were furnished 
with strong circular iron plates, fitted on so as to screw up 
firmly to the aides of the building. The bars were then 
heated, and expanded to such a degree by the heat, thai the 
iron plates were separated from the walls. These were 
then screwed up to the walls. On cooling, the bars con- 
tracted and drew the walla closer togelher. This process 
being repeated, the walls were brought to a perpendicular 
position, 

13. By the expansion of heat, the thermometer indicates 
changes of temperature. This instrument consists of a 
glass tube (Fig. 7,) with a hollow ball, a, called the bulb, and 
a graduated scale, d. The bulb and part of the tube are 
filled with quicksilver, which by its expansions and con- 
tractions indicates the changes of temperature. To measure 
them, the scale, d, is divided into equal parls, called degrees, 
and applied to the tube. The thermometer commonly 
used in this country is called Fahrenheit's, from the fact 



12. Inwhsiwoiki 



aaij ID giiBid Bgninsl V'ne e^ecU 
1 oi ine ujuiery uf Arts mid Mcasuies, i\V Paiia 
i/ifetf o[ s ihcrmoioEler! Describe l\i\« "viiW.i 
"■" "' ' oonslrocved'. VHtW 





i!t»i»*wrtf(W- eftteSti^MW." 



first conslnicled by Fahrenheit, a citizen 
of Amsterdam. Fahrenheit thought thai by mixing 
snow and ealt he had obtained the point of absolute 
cold. He therefore called this point zero, or 0. 
He then plunged his thermometer into freezing 
water, and marked the place on the thermometer 
tube where the mercury Btood. Having marked 
this point, he now plunged bia thermometer into 
boiling' water, and marked the height of the mercury. 
From iheso three pftinls, the temperature of the 
mixture of snow and salt, that of freezing water, 
and that of boiling water, be determined all the 
divisions of the acalo. From boiUng to freezing wa- 
ter, he made 180 small divisions, or degrees, and 
continuing the same acalo below the freezing point, 
he made 32 degrees to zero. From zero, there- 
fore, there are 32" to the freezing point, and from the 
mellingpoint of ice lotbeboiling point of water, there 
1° more, or 212° in all, from zero -to the boiling point. 
37ie telf-registering thermometer (Fig. 8.) is formed by 
momctcra of diireront construction. A is a thermom- 




eter partly filled with mercury. At t]ie top of the morcunr, 
ro, is a small piece of steel wire, vi. When the mercury m 
the thermometer expands, it pushes the wire before it 
When it again contracts, it leaves the wire on the side of 
the tube, and thus the position of the wire in iho thermom- 
eter, as at w, shows tlie greatot Jiaght to which the mercuij 
has risen. This instrument is used lo determine the extrems 
heat during the night, or other limes during tlie absence of 
the observer. 

To ascertain the greatest cold, another thormoineter, B, 
is placed on the same stand. Tiiis thermometer is part^ 
filled with spirits of wine. It contains a cylinder of porce- 
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lain, which adheres to the spirits of wine as it contracts, and 
is thus drawn back, to tlie lowest point of cold. When the 
fluid expands again, it passes readily thrnugh the cylinder 
of pon^lain, leaving it on the side of the tube at the lowest 
point of contraction. The porcelain ia restored to its poai- 
lion for a new observation, by inverting the iberniomeler, 
and the iron cylinder is drawn into its place by a magnet. 

15. To determine temperaturea above a. rod heat, an in- 
Btnuaent, called XJaaieVspr/rometfr, ia employed. In this in- 
strument a bar of iron, or platinum, is bo arranged, that 
its expansions or contractions are registered, and thus very 
high tenipei'Bturea may be determined. It has been shown 
that brass mells at 1869°, copper at 
1996°, gold at 2000°, and cast iron at 
27860. 

16. A metallic bail, a, (Fig. S.) provi- 
ded with a ring, b, a little larger than it- 
eeli", will, when lieated by a lamp, bo 
supported by the ring, but when the 
lamp is withdrawn, gradually cooling, 
it will contract until it falls through the f 
ring. 

In Fig. 10, a bar of metal, a, is 
provided with a handle, and fits into 
a guage, b, and also passes through 
the hole in c. When the bar is 
heated, it expands lengthwise, and 
therefore will not enter the guage, i 
A, as at first ; it also expands in di- 
ameter, and therefore it will no lon- 
ger pass through c. If, on the other 
band, it is cooled with ice or snow, 
it will not fill the guage, and it will 
pass loosely through c. » 

17. The law thai bodies expand by heat and contract by 
cold, ia not universally true. The moat remarkable escep- 
tion is in the case of water. A large thermometer tube, or 
bulbed glass, filled with water and placed in a cold situation, 
will show a contraction in the column of water, until it has 
reached a cold of 39°, when the contrary effect will take 
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place. From 39° to 32° tlie water wil! expand, and at 32", 
in freezing, a sudden expansion will take place, ao great as 
oflen to break the butb of the glass lube in which the watM* 
ia contained. 

The exception in the case of water to the general law of 
expansion and contraction, was dictated by a benevolence 
which is ever working out the highest welfare and happi* 
nesB of creation. All laws appear to be subordinate to > 
main design — the greatot good. So far as these laws carry 
out this design, lliey prevail ; and when in particular cir- 
cumstances they fail in this respect, they give way to excep- 
tWM, or laws of a more limited character. These printd- ' 
pies are beautifully illustrated in the case of water. In the 
present arrangement, on account of the expansion of water 
in freezing, ice ia lighter than water, and therefore floats on 
its surface. But were water to contract in freezing, ice 
would be heavier than water and would sink. In this case, 
the coating which new protects our rivers and streams &om 
the extreme cold of winter, would be itself covered, utd 
effectually guarded on t!ie i*eturn of Spring against its 
wamA and that of the ensuing suniiner. In the next winter 
this depoait of ice would be increased, and this process, in 
successive winters, would eventually till our rivers and 
Btreants vrith ice, destroying alt the animals with whicb. 
they are now filled, and blocking up navigation.* 

* II ia connnonly stated that the naiei of ihe Dceiin, &tt., would be (uddentl 
oonverted into ice afiei being reduced lo tbc Treezin^ poinL We do not, bow- 
ever, think ihia poisilile, as the iinmense smouoi of he»i gi»en out ia congB' 
UtioD, especially whetc the eicape ofthia he>l wu morr ut leu rataidcd, u 
beamth l£e suifuce of nUet, would irnder the cnnieraiDn of the whole niua 

u-ici ui 111. i.uui iu« ■uiinuD III me wmcr uenSlllll. Og, 
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autment the geaeni lempenluifl u to preTant the free ling of the enlira My 
" "' * ' ' 'lough it would retErd th' ~ - 

_ in the tempi . 
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aoon radiated ioLo the cold regiona of apaci surrounding the earth, 4Dd»njnL-i 
■upplr would be in like manner radisled ud losi, until sooner or later k1I&^ 
heat riom Ihia euurce would be eihausled. No warmer summer wanldnA* 
ceadtoihis inunense lo» of heat of congelation during the winlsr, aoA lim-i 
aecund winler would cause an euiraJ and iiermsnenl loss of th 

IT. What remarkable eTi:e|>tion is there to the law thai bodrei 

and contrw^t liy cold? Bit t^hat experiment may this Ire illua 

ut^ean Id be ine main design of i^reation ? Are not genemi U 

tSi* deaiim I Am these Una without exceptioDsl ^[E tlie ex 

mriain'Te of beaeroleace 7 Whj is watei aeai \\ig Eieeiim^ 
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^^^pFhere are many liquids besides water, which expand be- 
^^9nB asfiuming the solid form. Several melted melala ex- 
Tiibir. the same phenomenon, and advantage is taken of ihta 
fact in the arts. The alloy of which printers' types or ste- 
reotype plaiea are formed, expands as it solidifies, and 
hence forces itself into every part of the mould, and 
it perfectly ; the same is the case with melted iron. 
such a metal as lead, which contracts as it cools, it would 
impossible to obtain good castings. 

18. The expamioK of vapors and gases it the same Jo 
equal degree of heat^ Not only the amount, but the rate of 
expansion, is uniform for all degrees of heal. This rate or 
amoont is equal to -^^ of the volume of the gas at zcto, for 
eaeb degree of the thermometer. The 
expansion of air by heat is one cause of 
iviiids and atmospheric currents. Bal- 
loons are sometimes made to ascend by 
the expansion of air within them, and 
(heir consecjuenlly increased levity. A 
lialloon made of tissue paper, or silk, 
(Fig, 11.) is filled with healed air, which 
rises through an aperture in the lower 
pari. The heat le produced by the 
flame of a sponge soaked in alcohol, 
which is suspended from beneath, and the 
balloon becoming in this way rarefied, cause 
ascend, on the some principle that a cork risi 
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D CONGELATION. 

19. Solids are converted to liquids, and liquids to vapors, or 
gases, by the addition of heat; the opposite phenomena of 
condensation and congelation take place with the withdraw- 
al ot heat. Fusibility, or liquefaction, is a property of all 
solid bodies, although some are much more fusible than 
others. Lead and wax are easily melted, but lime and rock- 

Sstal cannot be melted by the highest furnace heat, 
see aubsiancea may, however, be fused by the intense 
heat of galvanism, or by the oxy-hydrogen blowpipe. 
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£0. The fnUawing are some of the most important facts 
connected with the liquefaction of bodies : 

(1,) WAilea»(^idu mdtingjiCstfmpcrafvredoemotincTeaie. 
TfauB, if ice bft placed over a fire, it will rise to a icinpera- 
lure of 32*, and will remain there until every part of it is 
melted. The same is true of every solid. All heat added 
to a body in this state, appears to be lost, as it does not 
raise its temperature. This, ilierefore, is called latent heat, 
or thai portiim of heat which disappears in hodiea while they 
are rhanging their state Jrom solids to lipids, orjrom Ugvidt 
iQ vapors or gases. 

The quantity of heat which disappears in ice in changing 
its form to water, is 140°. This may be proved in the fol- 
lowing manner : Take two tumblers, one containing' a 
pound of ice at 32°, or the freezing point, and the other a 
pound of water at 172", Pour tlie water from the second 
tumbler into the first. If no heat disappeared, the mixture 
would be at 102°, or midway between 172° and 32°. Bnt 
in fact, the water poured in from the second tumbler has 
lost all its heat, and the mingled water of both tumblers has 
the temperature of that of the first, or the mixture stands at 
S2°. And still a change has been produced in the first tum- 
bler, though not in temperature, yet mfom, for its ice hu 
become water. The change of the water of the second 
tumbler is in temperature, being cooled down from 172" to 
32°, having lost 140° of heat. This may be illustrated in 
numbers in the following way : 



lib. of icti'') at 32° ton . /b^ . ooo ,ti 

1 lb. of wat^rC*) at 172°(«) J =^ ^^- "^^^'■O *' 32°.(') 

The first formula is a mixture of ira(er(') with water.(".) 
The second, of ice[^) with wateT.(*,) In the first case, a 
»n«an(*) is obtained; in the second, all the heat of die 
second tumhler(*) above 32°,(') or HO", is lost, while the 
ice(') is converted into water.(*.) 

21. Again, let there be a uniform causo of heat, as a 
brightly burning fire, which shall raise the temperature of a 
pound of water placed over it, 10° per minute. Starting 
with water at 32° in 14 minutes, this will have a tempera- 

ji«t K'AnIialhefirsIiiiiuoitsat Tact coDuected with tbelJquefactiaDofbodieiT 
How U latent beat defined I How much heal dlsivp^ui in toe in changiug it 
to water! What u Ihe first method by wtob liua is sto«iV-i!i«. seemAt 
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B of 178° ! but with the same ijuaniity of ice in ihe same 
le, the temperature will still be 32°, and no apparent ef- 
fect wilt be produced by tbe fire besides melting ihe ir*. 
From these e:iperimente it ifi evident, that 140° ufbeat din- 
appear in changing ice to the liquid state. This \a there- 
fure Iho amount rat latent heat in water. 

22. Tbe latent beat absorbed while bodies ere converted 
from liie solid to the liquid stale, renders liqvefactio* a cooUitt 
proccm. When ice melta in contact with other bodies, i( 
withdraws heat from those bodies. Thus, when placed is a 
tumbler of water, it reduces the temperature of the water, 
and this abstracts heat from the tumbler, and the whole be- 
cornea cold. A small piece of ice will thus cool a large por- 
tion of water, thoii.|^ it floats one tenth out of the water, 
and is exposed to a draught of air on a warm summer' 
day, the tumbler itself being also surrounded by this ware 
air. When snow melta in the hand a painful sensatioo of 
cold ia produced, and when on the feet it i " "^ 
lent colds and other diseases. 

The amount of latent heat varies greatly with diffe 

ibstances as appears from the following table : 

Water, 112o. 1 Zinc, 49' 

Sulphur, 17°. Tin, 26' 

Lead, 9°. | Bismuth, 22' 

23. Tbe desigti of this principle of latent beat ia obvious, 
it is a most effectual rampart against disastrous floods, which 
nrould arise from tbe too sudden melting of snow in spring. 
It retards tbe advance of winter, and delays the approach of 
eutnmer, rendering the progress of one season to another 
toore graduaL It tends to give greater uniformity to climate, 
and to prevent the alternation of warm days and sudden 
frosts, by which fruits are cut oS*and vegetation injured. 

24. Wlien liquefaction can be by any means hastened, the 
intensity of tbe cold is increased, the whole amount being 
EToditcediu a shorter time, \a Jreesing mixtures ('),* '" ' 
la accomplislied by a weak chemical attraction, existing 
tween the materials of the mixture. Thus, the affii ' 
salt fur water, causes it to hasten the liquefaction of 
and to prodvico great cold. 
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85. On the other liand, the congelation and the JmhttitMl 
T volumf of any body, will cause a portion of its lueitl 

_eil to become seneible. Numerous blows will condense 
I Iron, ami great heat will be evolved. Waier becomes eoRA 
l-b thu pmceas of «laking line, and the heat given out is 89 
I it^at aa to set fire to light and comhuetible bodies, Shhia 
I Jroightt-d with lime, arc in ihia way eomeiimes set aa fira. 
I Bulphiiric acid and water, when mingled, are condettsed inU' 
I t Htnallcr volume, and great heal is produced. 
L Cfinffehliim jiroduces heat by giving out the heat which ts 
I fiseiitiul to the !ii|uiil form, when that liquid is converted 
I h(o a solid. Tho freezing of water produces heat, because 
I Ihe henl which was latent in the water, becomes Gensible 

when the water returns to the frozen state. 

vArnni/.ATioN and evaporation. 

k I SS. The coiivcrnion of fluids into vapors, when perfonn- 
B ad artificially, is called vaporization ; when it occurs nalur- 
lill][i fi-aj)wati<m. When vaporization is carried on rapidly, 
B violrint aeiiaiion nf the tfuid lakes place, to which the 
tarm rfmllUiott is applied. Ebullition is caused by the for- 
mbtlnn of vopiiv, on the side next to the heat which riaes 
ihrrjugh ihn fluid, and is succeeded by another portion 
formed in the itame way, and thus the process is continued 
until the boat is rumoved, or the liquid is entirely coti- 
Wrted into vopor. Water, when converted into vapor, ex- 
pandii 16!tC times, alcohol liGO times, and ether 443 times. 
. 21. The hoUing point it that UmperatuTe at which a liquid 
midtrgot* ebuliition. Thus mercury boils a.t 662" ; oiloftnT- 
pentinv at Slfi' ; water at 212° j alcohol at 173° j ami 
other at 96°. Two circumstances attend tho ebullition, of 
ftuids which are to he pnriicnlarly remarked — 

(1.) Flvirlt Ml at difftrcvtlenijieratvrft under difftTi^t de- 

•ee» ufprrMHure, 

(3.) Pwffcr a given pretmrc, the temperature of boiling 
(Uieayt remaim the aamt. 

Tho surface of all fluids is exposed to the pressure of the 

i. What ii the El!'ei««ritic cun^clniiiiaDl ubody upon iis laioiit heal! Dona ; 
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OBMBKAI. rUNCtFLEB AND LAWS. 

atmosphere ; if thia be removed, they will boil at a tcnipe' 
rature lower than common. It is found thai the boiling 

reduced 140°, by removing atmospheric pressure. 

le effect, to a greater or lesa extent, is produced at 
great elevations above the surface of the earth. Thp 
pressure of the atmoRphere becomes less and leas, ,^ 
we ascend, until at the height of Mont Blanc, or fiAi 
thousand feel, water boila at 137', or 25° lower lliax 
does at the level of tlie sea. In most inland i 
the boiling point is somewhat less than 213°, on accounM 
ibe elevation above the general leveL Were the pa 
sure of the atmosphere entirely removed, water would H 
at 72=>, Aa in the central regions of the earth, the t^ 
mometer is usually above this temperature, were the pre . 
sure of the airaoaphere entirely removed, the whole of the 
waters of these regions would boil with violence, until a 
new atmosphere of vapor was supplied. After such an 
atmosphere had been formed, the boitmg of the water would 
cease, and evaporation and condensation would go on as 
they do now, hut mucli more suddenly, and on a vast 

3S. The principle that liquids boil at, a lower tempera- 
ture under diminished pressure, is applied in the arts to 
the boiling of sugar. A large boiler, or vacuum pan, la con- 
nected, by a bent iron tube, inserted in the top, with an air 
pump, which removes the vapor from the boiling sirup. In 
tfae lower part of this tube, joining the air pump and the va- 
Gunm pan, is a eistem pipe, to receive any of the sirup 
which may boil over, A Taeagure cistern, stands on a higher 
level than the boiler, or vacuum pan, which holds about 
twenty gallons, which quantity ot sirup is admitted at a 
time. A metallic case surrounds the lower part of the va- 
cuum pan, which ia filled with steam at a pressure lower 
than that of the atmosphere, and consequently at a tempe- 
rature leas than 313°. The ordinary pressure of this steam 
ia only about four or five pounds to the square inch, and its 
temperature ISS"^, wliieh is found sufficient to cause the 
simp within the vacuum pan to boil rapidly. Steam is also 

What is the effsct of rcmoring the almospheiic preuure from llic surface of 
duida ! Why doea witEr boil at s lower lemperaturc on itie aummit ar Munt 
Blanc than al llio level of ihe lea 1 At vihat leroperaWre Honld wnlcr hoil, 
were Ibe prensure of the almosphere entirely lamotedt What 

eOiirt of the removal of itir "^ ■ ■" ■■- -' ■' 

as. To wbat purpoie, ii 




1 orrangetneiit |_ 
In these 
r pivwaiire mnd lempcrsluro, than ibat introduced into 
, at the Vinom of the vacuutn pau. The air piiUFp 
■ kept in conatant action, by r stnam en^ne. When IM 
|M«Hure within the boiler is about ^ that of the atmn*- 
|iherc, the rinip boils at only 115°; wh«n it ia aboat } 
lliat of the Btmoepht^re, it boila ai 175°. The reason ht 
boiling airup at tois low temperature, as well as the tv- 
nainder of the process of making sugar, will be explsin- 
od hereafter. 

29. By incTea»ing the presHure on the limiid, the bcjl- 
iBg point may be raided indefinitely ; and this increased 
lma])eralure has been found greatly to angment the •• ' 
tmt jtowrrt of water. For this reason, a strong metalUc 
Tessel. called Pupin'a Digester, in which water may be 
keatod under a powerful pressure, has been Bometiniet 
•mployed in dissolving hard animal substances, which e 
■ot be dissolved by boiling in the ordinary way. Sonpa 
are soraetimee prepared in this manner, and in the n- 
boratory, Bub3tani;c8 are dissolved otherwise not easy of 
■olution. The expantite Joree of water is greatly aug' 
in«)ted when thus heated in a confined state. At a teBi> 
perature of 400°, this force equals 16 times the presaure 
L«f the atmosphere, or about S40 pounds to tbe square 
lincb. 

Under a g-tven prestwe, th.e temperature of liqtndt, 
iiU boiling, reiTiaint the tame. This la true wbeUier 
I boiled with s high, or a moderate heat. The ef- 
in intense fire, is only to increase the rapidity nf 
) ebullition. This is owing; to the fact, that wai«r id 
King converted into »team, renders latent a great amount 
f sensible heat. When water at 32° is mixed with so 
iqual weight of water at SIS'^, the whole is found to poe- 
I between the two temperatures, or \%%° % but 
" when equal weights of water and steam are mixed, or 
an equal weight of steam is condensed in water at 33°, it 
raises 5-G parts of the latter up to the boiling point, or 
dirough a range of 180°. Multiply, therefore, tliese 180° 
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phe 5-6 parts of water, (180°X5-6~1008o,) and it equals 
"" Therefore, the steam has added to the temperature 
valer in wliich it was condeuaed 1008°, or has luH 
p amount of heat at the same time with its aeriform sti 

I change into water. Therefore, lOOS'^ may be 
fcred as the latent heat of steam, 
fel. Another method gives nearly the same results. Fii 

" water are heated in Papin's Digester, to 400Oj 
fvent IB suddenly given to the steam, and one gallon 
wed to escape in the form of sleam. This sudden 
of one gallon into steam, reduces the tempe- 
.3 of the remtuning four gallons to 212°. Five gal- 
thereforo, {iucluding the steam which escaped at 
MP.) have heen reduced to 212°, and have, consequently, 
it (400—212=) 188°. Multiply this number by 
I and 940° is the amount of sensible heat lost, or that 
which has become latent in the steam. The former 
method gave 1008'^, which is probably nearer tho truth, 
BM tlie latter method is not aa susceptible of gi'eut accu- 

32, The vast amount of beat which steam absorbs, is 
given out again when it is condcuGed., Hence the value 
of steam as a source of heat, for which il is used, in warm- 
ing apartments, in drying gunpowder, and other purposes, 
where a mild uniform temperature is required, In the 
laboratory, steam balba, of various forms, are used fw^ 
tho purpose of drying filters and other objects wbi 
ceesive neat would be hurtful. 

Fig. 12, represents a very simple aud con- 
venient form of the steam balb. The lov 
part, a, is a common steam boiler. The i 
per part, b, is made double ; between the 
ner and outer portions, a space being 
tbe steam to pass, which issues near the top, 
8t the small hole, c. The space within this 
upper part, is therefore kept by the steam 
continually at the boiling point, or 212°, and 6lti 
other objects placed within this, are soon dried i 
temporal uro, 

Tbe vapors of other liquids have less latent beat tl 
A -water, as is shown in the following tabli 
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e properties of steam Imve been ve^ 
carefully studied on account of its vast inechanica.1 power, 
and its exceedingly numerous and valuable appliuations 
in the arts. As the description of the tteam engine, be- 
longs more propurly to mechanical philosophy, than to 
chembtiy, it will bo omitted in this work. (See Olm- 
sted's Natural Fhilosopby.) The leading properties of 
steam may be included under the following heads. 
,. 1. SUam u cmly abotU half at heavy as air, and the 
I specific gravilj/ gf watery vapor, or vapor produced at a 
I temperature hdmn the toiling point, u much less, varyimg 
\ieith the temperature at which it is Jbrmed. The specific 
gravity of watery vapor at different temperatures, b shown 
I in the following table : 

Temp. 8p. gr. (aii toing 1000.) 

32° 6690. 

50° ■ 10-293, 

eO° 14108. 

lOOO 46500. 

150° 170-293. 

2120 62G-000. 



5 point of water, its vapor. 
" aa heavy as air. 
rr watery vapor, at the 
a 15 pound) to the aquare 
' t when ies 



[ At S12°, therefore, or the boiling 

I or steam, is a little more than fa 
(2.) The elastic force of steam, 
eommoK preamre of the atmosphere, ; 
W' inch. This is evident in the eaae 

ing from a boiler, it will force out the air from the boiler, 
or from any cylinder with which it may be connected, thus 
overcoming the pressure of thn atmosphere, which is 15 
pounds to the square inch. This pressure is owing to the 
mutual repulsion of the particles, (p. 11,) which is caused 
by the elevation of their temperature, 

I (3.) When heated in a confined aituatitm, over water, the 
elasticity of a/earn la very rapidly ijicreaied, and m tkU4 
rendered miperipr to any other mechanical force v-ithi* our 
control. 



J 



OENBKAI, raiKCrPLBS AND LAWS. 

34. Evaporation. Natural evaporalioii is that process 
by which vapor rises spontaneously from fluids. Opera- 
ting upon tbe entire waters of the globe, it is a most power- 
ful agent in the economy of nature. The quantity that 
rises from an acre of land, varies according to circum- 
stances. Over land covered with dry grass, in the heat of 
summer, it has been estimated at IGOO gallons, and on 
moist grounds, it has amounted in some instances, to 5,000 
gallons. A circular area oi mom, five inches in diameter, 
kwt 150 grs. between sunset and sunrise, and 60 grs, more 
before night. In this experiment, the snow was exposed lo a 
smart breeze upon a house top ; an acre of snow exposed lo 
a siinilar l^rceze, would lose in the same time, 66,000,000 
grains, or 11,111 pounds of moisture. During the night, 
about 1,000 gallons of water would be raised from an acre 
of snow. The ocean loses many millions of gallons hourly 
by evaporation. 

35. The circumstances most favorable to evaporation are 
the following. 

(1,) Extent of surfact. This is true also in vaporization, 
or in boiling down liquids ; the vaporization of water in a 
flask, for instance, will proceed much faster when the wa- 
ter is half boiled down, than when the flask is nearly full, 
because a greater extent of suriace is exposed, and the 
same water in a wide evaporating dish, will boil away 
much quicker than in a deep one. 

(2.) A free current of air. When the air rests on the sur- 
face of the fluid, that portion next to the surface of the 
fluid, soon becomes saturated, and, unless a fresh portion 
be supplied, the evaporation will be greatly retarded. But 
if, as fast as the air above becomes saturated, another por- 
tion supplies its place, the evaporation will be rapid. In 
an open vessel, the evaporation will be much greater than 
in a flask, which exposes an equal surface of the liquid, and 
in the open air than under the cover of a building. 

(3.) Agitation. By means of this, a greater surface is 
exposed, and vapor that has been imprisoned within tha 
body of the fluid, has an opportunity of escaping. 

(4.) A dry ttaieof the air and an elevated temperature. A 
ceitain amount of moisture is due to every temperature, 
and as the temperature is raised, this amount is very greatly 
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■ncrenseil. When ihe air is ilr^-, the force of eva|>onitioa 
to supply the deficiency of watery vapor, is very greai, 
1, like the force with which air ruBhi 
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thia ditniDiHhcs with tlie supply, until, when the qumntiqt' 
ilue to the temperature is nearly supplied, the evBpon- 
tion is very slow. The same process is observed, wbsn 
gaacH a.re absorbed by water, or watery solutions. The 
force of absorption diminishes, lil) near the point of eata- 
ration it becomes very slow. 

How important is the broad expanse of water nptm 
which we look with so much pleasure ! Even the wi^ 
surface of the ocean, added to tliat of all the rivers and 
lakes, is not too great to aflbrd sufficient water Jbr vegetB' 
tion on land, attd for cnpious, unfailinc spring to support 
animal life. The surface of the ocean is broader towai^ 
tlie equator than in the temperate zones ; and hence, aa 
well as from the greater heat of this region, a greater 
amount of evaporation is produced, aiid consetjuenily much 
more rain falls on ifae central portions of the earth. 

36. The effects of evaporation are of the most important 
character. 

{1.) Eraporatiojt ratdert salt trater frak. Pure water 
rises from the sea in ciuuds, which are carried over the 
laud, where tfaey deposit their moisture. Were not this the 
case, it is evident that the vapors which come from the 
ocean would soon impart ilieir saltness to all the wa- 
ters of the globe, and a stream of fresh water would be 
unknown, much less that great abundance of pure water 
which we now have, and which is necessary to our ex- 

(2.) Evaporation jiroducts void. This is the great agent 
which nature employs to check ibe excesses of solar heat, 
since this heat itself is made to geneiale vapor wiih a ra- 
pidity proportioned to its intensity; thia vapor converla 
sensible into latent heat, during its fonnaiion, and tbua 
maintains a perpetual check upon the violence of the sun's 
rays. Among the contrivances of art, none is more ad- 
mirable than the governor of the steam engine, by means 
of which the flow of steam from the boiler is regulated, ex- 
actly according to its amount and pressure ; but in ihis con- 
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trolling force of nature, a. povver of escspe is afforded to 
th« heat of the earth, which mcreosss vnt.A muek greater 
mpidity than tie heal ittrlf', iliat the moderate heat which 
animal life c»n endure may not be exceeded. 

Evaporation also tends to regulate the heat of the human 
Bystcm. From every part of the body, moisture ia continu- 
ally given off through the pores, and a vast quantity ia ex- 
haled from the (uRgs. Perspiration, which is greater in 
wanu than in cold weather, keeps the body nearly at a uni- 
form temperature whatever be the state of the Ktmosphero. 
Indeed the human eyslem has been exposed to a heat con- 
siderably above that of boiling water, without injury, so ef- 
fectually disl evaporation from perspiration protect it. The 
circulktitm of the blood and perspiration are in continual 
equiiitmum in the human system ; what effects the one 
assets also, in an equal degree, the other. Violent action 
or excitement, quickens the circulation of the blood, and 
«lso greatly increases the amount of perspiration, 

37. Vapor of water exists in the atmosphere at all times 
and in all situations, but the proportion depends on the tem- 
perature, and is subject to great variation. If the air be 
hilly charged with moisture, then the slightest reduction 
of teiweratare will cause a precipitation of a porticm of 
the moisture. Hence, iu a warm and sultry day, a tum- 
bler of cold water is often covered with moisture, which it 
derives from the atmosphere immediately around it. Were 
the temperature of tbe tumbler sufficiently reduced by ic9 
water, or a freezing mixture, it would always precipitate 
moisture from the atmosphere. In a clear cold day of 
vvinter, it would be necessary to reduce tlie tumbler many 
degrees below the freezing point, and the moisture would 
then be precipitated in the form of frost. The temper- 
ature at which moisture begins to be precipitated irom 
the atmosphere is called the deui'pomt. It often be- 
comes a matter of groat importance to ascertain tbe dew- 
point in connec- Fig. 13. 
lion with other 
experiments on J ( 
tbe atmosphere. ^L^ 
The principle of ^ 
the eryopkoTus, or 
frost-bearer, of Dr. Wollaslon, (Fig. 13,) is applie 

^^ZI. Wb} ii m tumbler corered vitfa maiiluie ink ^«nn&t.l\ Unii'iq 
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14, the object of whicb is ta 
the dew poiol easily st any 
The original cryophorus (Fig. 
13.) conaista of a glass tube, widi a 
bulb at one extreinity, and the otlier 
extremity enlarged, drawn out to a 
point, and hermetically sealed. The 
bulb cnntaiaa a small quan^ty of water, 
the rest of the tube bemg a vacuum, or 
containing only the vapor of tvater. 
When the empty extremity of the tube 
plunged into a mixture of snow and 
it, the watery vapor within the tube 
condensed, and this condeosalion 
es rise to fresh evaporation from 
the bulb, which being con- 
densed ui fast as It comes o^-er, the erw- 
goeti on so rapidly from tAe 
the bulb, that it is soon frozen. 
The detc-po'mt hygrometer (Fig. 14.) 
constructed on this principle. The 
bulb, It, is half filled with ether; ( is a delicate tbennometer 
•mihin the tube, which dips into the ether and thus indicates 
its temperature, and that of the bulb in which the ether is 
confined. The air is excluded from the tube and both bulbs. 
On the stand is a second thermometer, which serves to ehow 
the temperature of the air. The upper bulb, a, is covered 
with abit of muslin. To use the instrument, the liquid is fiiBt 
of all transferred to the lower bulb, and the upper bulb, s, 
and the tube then contain only the vapor of ether. The 
bulb, a, is now cooled to a very low temperature; not by a 
:ezing mixture, as in the lost case, but by the evaporation 
other, which is dropped on the rauslin by which it is coiv- 
ered. The vapor of eiher within the bulb is in this manner 
condensed, and tliis condensation in part relieving the pres- 
tube, and upon the surface of the ether in the 
other bulb, gives rise to fresh evaporation, and thus the pro- 
is rapidly carried on, until the bulb, 6, by the evapora- 
non of the ether which it contains, is reduced down to die 
lemperature of the dew point. This is known at once, fitnn 
the precipitation of moisture or frost on the outside ; and at 
this point the thermometer within the bulb indicates its tern- 
peralure, while the thermometer on the stand indicates the_ 
temperature of the air, Tbe comparison of 
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mometers, therefore, gives the difference bet 
point: and the temperature of the a 

38. Water may be frozen in ihi 
BB well aa in that produced by tlie condensa 
vapor, (as in the eryophorus.) If some w 
glass, (Fig. 15,) be placed in an exhausted 
receiver, with a large surface of sulphuric 
acid, as fast aa the vapor rbes, it is aDsorb- 
ed by the acid, and thus a rapid evapora- 
tion promoted, until the water becomes fro- 
zen. After the receiver has been exhaust- 
ed, the abaorption of the watery vapor by 
sulphuric acid maintains the vacuum. 

39. The ground at night becomes a cold surface, on 
which dew is deposited, exactly aa it is on a tumbler of 
cold water. The eanh radiates ita heal into space, and, 
receiving no more froia the sun, it goon becomes cold ; in 
this stale, warm air passing over its surface, becomes chill- 
ed and deposits its moisture. This ph^omeuoii, however, 
would late place were the air not present, for a certain 
temperature has a certain amount of moistvre Aue to that 
temperature, and when the temperature is lowered from any 

....,, , . 'the 



muiature is precipitated. In the same manner, when the 
temperature is elevated, with or without the pressure 
air, water rises in vapor. 

40. If a thermometer be placed on the grouniV at n 
and another a few feet above, llie one on the ground 
sink several degrees lower than the other. Some ohjec 
will be found, on applying the thermometer, much colder 
than others, aa a stone pavement, a clay soil, or green grass, 
than dry straw, bricks, or a sandy soil. As dew depends on 
the coolness of iho siurface, more is therefore deposited on 
young green plants, than on rocka or on the soil, and on 
large bodies of water, as the ocean, which do not become 
<M)lder at night than tbo air above, no dew falls. Even the 
dew-drops are economized by Nature. 

41. Clouds hinder the formation of dew, by reflecting 
back to the eaith the Iieat radiated fi-om ita amiace, and 
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ihufl prerentiiig the neceasary reduction uf temperature, and 
the eaine eSect is produced by a screen of tbe thinnest bml> 
terial, Htretched at a little height above the ground. In tfcls 
maimer, gardeners ofteD preserve delicate plautii &om de- 
Btruction, by the irosts of spring and autumn. Winds also 
eSectually prevent the deposition of dew, by coiutantlj re- 
newing tbe air lying upon the eEixth, before it ha& had its 
temperature eufficieatiy reduced, to cause condensaticM of 
its moisture. A clear, calm night, succeeding a hot day, w 
therefore that which ia most favorable to the deposition of 
dew, for in this case, the quantity of vapor in the air is usa- 
ally very great, and at the same time, radiation proceeds 
wuh the greatest facility. 

DISTRIBUTION OP HBAT. 

42. For the safety of the world there is impressed on 
heat a most powerful tendency towards an equilibrimn. 
Whether conung from the sun, or produced by arti£dal 
fires, the heat of any particular place ia no sooner increased 
above that of the aurroimding medium, than the excess 
endeavors to make its escape m every way, and can be 

I retained only by the greatest pains and skill, even for a 
I few moments. All objects around ua, are naturally of 
the same temperature, and the heat of the equator is soon 
dissipated towards the poles. By four methods heat is dis- 
tributed, — hi/ radiadtm, by Teflection, by ctmduction, and by 
amvection. 

43. (1.) Radiation is the emittiim of Jieat in rigJil Tina 
from the surfacet of bodies. From reflection, it differs in Ae 

source or origin of the heat whiiJi is emitted, which in ra- 
diation ia from' within the body, but in reflection, ia firom 
without the body. A body radiates its own beat, audi 
loses heat by radiation, but reflects the heat of odier 
bodies trom its surface, and therefore, suataina no diminu- 
lion of temperature by reflection. 

44. The sun and all ignited and burning bodies, aSbrd 
the most striking examples of the radiation of lieat, although 
all hot bodies, as hot slovee, steam boilers, &c., likewise 
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\r45. The power of radiation depends greatly on the na* 
t of the twrfaee. It proceeds much more rapidly from a 
rongh fiun^e than a emooth one, and from a black Eurfnce, 
than from one of any other color, and least of all, from a 
^rhite Burface. 

The foUowing experiments performed by Dr. Stark of 
Bdinbiirgh, show the conDection which exieht between the 
power of radiation and the color of the sur&ce. The hulb 
of a delicate iherniometer waa successively surrounded by 
eqaaJ weights of differently colored wool, then placed in a 
glsas tube, healed by immersion in hot water to 180°, and 
tin ally cooled to 60'' in cold water. The times of cooHng 
wore 21 minutes with black wool, SG with red wool, ma 
27 with white wool. Similar results were obtainetl widi 
flour of different colore. Likewise, black wool was found 
to collect more dew than an equal weight of white wool, 
other circumstances being alike. If pieces of cloth of va- 
rious colors, also a plate of a bright and one of a dark 
rough surface, be exposed during the night, in the moraing 
the black cloth and the dark rough surface will be found to 
have the most dew, while upon the white cloth little dew, 
aiid upon the bright metallic surface, none wilt be deposited. 

46. Bodiet that ahtorb most heat, radiate moat, although 
the amount of ahsorptittn and radiation, are Kot always pro- 
portional to each other. Snow melts more rapidly whoi 
soot or dark earth is scattered upon it, because it then ab- 
Borba heat more rapidly from the sun. Grapes and other 
fniita ripen quicker against dark walls, than those having 
a light color, because these walls absorb heat, which they 
communicate to the grapes and the air by which the grapen 
are surrounded. If the bulb of a thermometer he covered 
euccessiyely with different colored wools, and exposed within 
a glass lube to hot water, the thermometer will rise most 
quickly when covered with black wool; more slowly when 
covered with green wool ; slower still with scEirlet ; and 
slowest of all with white. If three tumblers be enveloped, 

46. Upon wtM iloes i)ie power of radistion greaily depond '. What eiperi- 
mcDLB were perfonned by Dr. Siarli to *how ihe conneciion bftweep ilw 
power of radiBlion iind the solar of the surface ! Which color ia found lo 
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one with silver paper, another with white, and another witJi 
dull black paper, and all be placed in the sun, a thermotneter 
will indicate diat the tumbler with black paper, absorbs mcMt 
heat in a given time, and thai mth the silver paper, the 

47. The following rules for the practical management of 
faeot, ore derived from the foregoing principles. 

For confining heat, no tmfact it to tffictval. at a bright 
metallie one. This also should be as smooth as poesible, 
for the minute points and edges of a rough surface dis- 
sipate the heat rapidl;. Among the various colors, white 
is the best for coufintug heat ; hence white houses are warmer 
in«rinter than those of a darker color, aa the loss of inter- 
nal heat by radiation, is not bo great from these as from 
other houses; they are also cooler in summer, as tfaey 
absorb less heat, or reflect more. Pipes intended for convey- 
ing beat to distant apartments, should be bright and smooth, 
but those intended tor warming a room, should be rough, 
like sheet iron. 

I . We may regulate our apparel on the same principles. If 
wa are to expose ourselves to the sun in hot weather, white 
clothes should be selected, as white absorbs less heat, or rt- 
JlecU more than any other color. If we are to continue in 
the shade, black garments are more suitable, as black radi- 
atei heat more than any other color. 

48. The power of absorbing heat, possessed by cloths of 
different colors, was tested by Dr. Franklin in the following 
manner. He took pieces of cloth of four different colors, — 
black, blue, brown and white, and laid them on the snow, 
in the direct rays of the sun. After a few hours, it wa« 
found that the black had sunk to a considerable depth, the 
blue not BO far, the brown still less, and the white hardly at 
all. From this experiment, it was inferred that black ia 
the warmest color in the sun, or absorbs the most heat ; blus 
the next ; brown absorbs less heat than blue ; and white le 
the coolest of all the colors. In the cold days of winter, 
therefore, when the heat of the body escapes most rapidly, 
a white overcoat is to be preferred, to check the loss of heat 
by radiation. This color is chosen by Nature, when she 
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wraps ihe Northern hemisphere with a Tnantle of snow, or 
clothes the animali* of the frigid zone for the ifiteuee cold of 
their wintera. Some of these auimalB even change their color 
M the approach of winter, aa some varieties of the hare. 

49. Rrflectiim is, like radiation, the emiasion of heat 
from bodies in right lines, but it diflera from the latter, 
in the source of the heat, which is from without, or eKtemal 
to the l>ody causing reflection. That bodies which absorb 
the moBl heat, must reflect the least, is evident, for all that 
ia absorbed is, of course, taken from that which is reflected. 
Absorption and reflection are therefore opposite. Reflection 
and radiation are also opposite, for, as stated above, bodies 
that absorb most also radiate most. If, therefore, a body 
radiates more than another body, we know that it also ab- 
sorbs more, but reflects leas. All the rules given above, for 
radiation and absorption, will, if reversed, apply to reflection. 

60. Conduction is the -propagation of heat through the Jai- 
ata»ee of bodies. This passage of heat through some sub- 
stances, is much more rapid than through others. Accord- 
ingly, bodies are divided mto conductors and non-conductora 
of heat. The former are those that conduct heat readily; 
the latter, those that conduct heat with difficulty, or not 
at all. Among the conductors, are the metals and stones. 
Perhaps there is no absolute non-conductor of heat, unless 
the air, and some of the gases, be considered as eucb ; but 
m this class are included such bodies aa bricks, wool, feathers, 
moat of the liquids, and the gases. 

If two similar rods, one of iron and the other of glass, bo 
beldin the flame of a spirit lamp, the ii'on will soon be too 
liot to be touched, while the glass can be held within aii inch 
or two of the red-hot portion. 

fil. The diflerent conducting powers of seve- 
ral Bubslancea, may be illustrated by little cones 
(Fig. 16.) of copper, iron, wood, tec., placed 
on a double metallic plate, which is heated by a 
lamp from beneath. The heat is uniformly dis- 
tributed over the upper plate, by the heated air 
wbich rises from the lower, and is therefore communicated t< 
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Ae bottom of all the cones alike. The heat, hoTrerer, risea to 
tsof these cones at very diilerettt rates. If abaUof 
wax be placed an each of these smnraits, on the copper cone 
the wax will be melted 6rBt, and the ball will drop off; on ifae ' 
iron the next ; while on tiie wood the wax will remaiq un- 
inelted. If bits of phosphoma be placed on the cones, they 
I Krill be fired in the same order of copper, iron, Jkc. 

If several marbles be 

*' stuck with wax on a 

D D T~^ copper wire, {Fig. 17.) 

Q and one end of the wire 

be held in the lamp, as 

the marbles will drop off 



I the heat travels through the m 
I one after another. 

62. In the fbllowing table a 



) given the relative condact- 



Gold, 


1000. 


Silver. 


973. 


Copper. 


898. 


Platmum, 


381. 


Iron, 


374. 



From this table, it appea 
gold 18 nearly three times 
more than twice that of i] 
conducting po^ 
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I ing powers of several substances, gold being 1000. 

iZinc, 363. 

Tin, 304. 

Lead, 180. 

Marble, 23-6. 

Porcelain, 19-9. 
rs that the conducting power of 
that of iron ; that of copper is 
'on, while lead has not b^ the 
Bodies not metallic, as marble 
and porcelain, are much poorer conductors of heat than the 
nielals ; and fire-clay and wood, are still worse conductors. 
Heavy, solid wood, is a much better conductor than that 
which is light and porous. In the list of non-coudiictor^ 
may be reckoned, dry bricks, wool, feathers, hair, fur, jcc. 
It is owing to this property, that the latter are used for cloth- 
ing, and bricks in the construction of houses. The value (jf 
this class of bodies as non-conductors, is destroyed, or great- 
ly impaired, by the presence of moisture. Thus straw is a 
good conductor when wet, hut a bad conductor when diy. 
Wet garments are unhealthy, as they carry off the heat of 
the body, and thus produce violent colds and fevers. 

53. Snow IS admirably adapted as a protection to the 
leartb, (1.) by its color, which prevents loss of heat by radia- 
tion ; (2.) by iia non-conducliiig properties, as it is one of the 
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best non-conductors; (3.) byiu light, downy texture, which 
causes it to fall gently to the eartb, imprisoning much air 
between irs cryatala, and leaving the earth open Bud po- 
rous beneath ; (4.) by its temperature, which is very mode- 
ratOj compared with that which prevails during the coldoHt 
days of wipters; hence the warmth of the snow-huts of the 
Esquimaux, and tho protection of tlieir Epringa of water, 
dunng the intense cold of their winters. The surface of the 
earth covered with snow, is protected at the temperature of 
the freezing point, and immediately below the surface the 
temperature is much higher. The roots of plants are pre- 
served, and the fermentative processes of vegetable decay 
are carried on ; the soil thus imbibing- fertility in the midst 
of winter, and being prepared to receive the rays of the Bun 
in spring. (5.) The latent heat of snow has already been 
noticed. This adds greatly to its value, preventing inunda- 
tions, which would be produced by its sudden melting in 
Bpriag, and retarding the too sudden approach of winter. 
The snow of winter is, therefore, not only its ornament but 
its protection, and by this in winter, Nature prepares the 
beauty of summer and the bounty of harvest. 

54. Crmvfctiim is that method by which 
heat is conducted in fluids ; it may be de- 
fined, tke conduction of heat i« fluids, by 
a motion among their particles. The com- 
mon mode in which liquids are heated, is 
represented in Fig. 18. A lamp is placed 
benieath a glass vessel, made of thin* glass. 

"^ current of hot water rises (for the parti- 
»_of water, being expanded by heat, be- 
" rhter) in the center to the top, where 
les cooled, and then descends on the 
This process is kept up until the whole 
y of the water is heated. When the tern- 
e of the water b thus raised to 312°, 
succeeds, in which vapor, and the \ ^^^ 

ft carries up mechanically, rises in the center, and the remain- 
der of the water descends on the sides. 

55. When the water on the surface of the ocean is cooled 
down lower than that beneath the surface, it descends, and 
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warmer ponions aaccuil, which are coated u 
net. Currents tUiio from the giolar regions, flow t 
lb« equator, aud irtini the equator other currenls I 
the tHmbem and Boutheni latitudes. In this way, the li 
of the Oceania disiributed ihroughout its maee, above aad 
below, in warm and in cold latitudes. In the air, and in bQ 
vapors and gases, the same thing happeoa. The rays of the 
■un pBM through transparout media, without affecting their 
umperature. Only those portioiu of the atmosphere, tber*- 
iiire, whichcomeincontact withtheeartli.areheated. These 
rise, and their place is supplied by colder portions, and thiN 
the beat of the earth is distributed throughout the atmofr' 
phere. 

56. But without this convection, or carryntg pro* 
ceti, the conducting power of liquids aud gaseeia 
very smalL If a test tube, nearly filled with water, 
be held over a epirit lamp inclined in such a man* 
ner as to direct the flame against the upper layen 
uf the water, the water will boil at the top, but 
remain cool below. In Fig. 19. a jar of wBder 
i^ perforated at a and b, for two ihermometen^ 
and surrounded at c with a metallic trough. Into this trough 
boiling water is poured. After some time, it will be found 
that the upper thermometer has rison, while the lower hu 
remained perfectly stationary. The upper part of the fluid 
is heated by convection, while the lower part can bo heaud 
only by conduction. 
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The same principle is illustrated in a dific^ 
ent manner, m Fig. 20. a i c is a tall jar, or 
wide tube ; d a ring of iron provided with r 
handle. Into abe, a little water, colored blue, 
is poured as high as a,- water not colored ia 
then added as high as b, and the portion 
from h to f, ia filled with a yellow solution. 
If the ring, d, is heated red hot, and applied 
to ihe tube or jar between b and e, the yellow 
portion, b c, may be made to boil without 
mtermingling with the colorless portion, a b. 
But if the red hot ring be lowered down, so 
as to surround the blue portion, it will, as it 
becomes warm, ascend first through the color- 
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]es8 Stratum, and finally through the yeUow solution at the 
top. If a piece of ice be suependcd in the empty Jar, and 
the red hot ring applied to the portion of the jar above, it will 
continue to melt very slowly, aa before the ring was ap- 
plied ; but if the ring be carried down the jai below the 
jce, it will melt much more rapidly. 

57. Air, by its non-conducting propertiee, enhances tfaoM 
of all other substances, and is, to a great extent, the cause 
of the non-conducting power of moHt substances. It not 
only Burtounds all bodies on the earth, but fills the pores 
of almost aU bodies. Were air, therefore, a good conduc- 
tor, snow, wood, feathers, water, and all those light bodies 
which are remarkable for their non-conducting power, 
would become conductors, and other bodies would avail lit- 
tle in retarding the escape of heat, being surrounded on all 
«de8 by a good medium of transmission. Our dwellings 
could not be warmed, for air entering the smallest crevices, 
and pervading the materials of which they are constructed, 
would carry off the heat as fast as it was generated. The 
smallest dew-drops, and the vaat atmosphere, are formed 
with the same wisdom and benevolence ! 

58. Applications of the non-conducting properties of air, 
,_ .1 . ;..^ ^£ fiu.|,m.ga (qj. heating build- 



ings, where confined air is otlen used to prevent the heat 
&oni escapine from the sides of the furnace. The common 
r^rigeralor, lor keeping ice a long time without melting, is 
constructed with a space of confined air between the inside 
and outside. Ice houses are made with double walls, be- 
tween which ia placed charcoal, fine saw dust, or some oth- 
er light substance; or this space is occupied merely by con- 
fined air. In northern countries, the houses are provided 
with double windows and doors, and thus a portion of air ig 
Ined, which effectually excludes the cold. 
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Latent heat is observed, when bodies are changi 
their form from the solid to the hquid, or from the lli^uid to 
the aeriform state. Sut another equally remarkable phe- 
nomenon of heat is observed, in the amount necessary t 
raise different bodies to a riven temperature, ev 
a change of form. This is called specific heat. 
iiluBtrated in the following manner : 




Put fig mony marbles into 3 eiasB as it vrill contain. When 
tbe vessel is full of marbles, add as much Hand aa wi]l pene- 
trate and lodt^ between the marbles. Fill alao aDolfaer 
glass with pebbles, which will arrange themselves in b mot« 
compact form than the marbles. Pour sand into the »• 
cona glass and it will be found to contain lesa than the fint 
In the same manner, more heat enters into some bodies dwn 
into others, to raise them to a ^ven temperature. 1£, tor 
in8ta.nce, a pound of lead, a pound of cbaK, and apootidaf 
milk are placed in a but oveu, they will be gradually heaud 
to the temperature of the oven ; but the lead will attain k 
firat, tbe chalk next, and the milk last. 

60. Take a pound of oil at 40° and a pound of water At', 
100°, and agitate them together. The tempemture of the 
mixture will not bo the mean between the two, or 70°, but 
the thermometer will stand at 80'^, Eeverse the e«peri- 
ment, and with a pound of oil at 100^ mix a pound of wa- 
ter at 40° ; the temperature of the mixture in this case, will 
fall below the mean, and will be at 60°. These results may 
be compared numerically, in the following way. 

p , 1 lb. of water, at 100°, i give a mixture at 80°. 

'"'P' ■*• 1 lb. of oil, at 40° i' ). f Mean =70(*). . 

-, _ 1 n>. of water, at 40°, I give a. mixture at 60°. 

txp.z. nb.ofoU, atl00<^(3}, J Mean=70(*). 

Prom both these experiments it appeara, that water haa 
more heat at the same temperature than oil, for in the first caae 
it raised the oil(') above the mean (',) and in the second case, 
it Bank the temperature of the oil(^) below the mean(*). In 
the first instance, it heated the oU more than it lost heat itself j 
in the second, it took from the oil more than it gained itself, 
B3 indicated by thermometer. The first result was the loas 
of 20° by the water, and a gain of 40° by the oil ; the Bei> 
ond, a loss of 40° by the oil, and a gain of 20° by the 
water. Wo may therefore conclude, that 20° of heat in 
water, is equal to 40° in oil, or that the specific heat of water 
is twice that of oil ; it takei twice as much heat to raiie teater 
to a given temperature, a» it doe» oil to the same temperaturt. 

61. In forming a table of specific heals, water is selected 
as a standard. With water, other liquids may be compared, 

59. Whal is speiiiGc heal < How doe« U i\Sei (lom lalent hcml > How ■> jt 
HlusiMttd' 
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by the method of mixtures given above. In the caee ofiL. 
soljd, the same method niuy be adopted. If a bar of cc^ 
per, of a pound weight, Ije heated to the temperature of 
320", and plunged into water at 70°, when both have ac- 
quired the same temperature this will be found to be 92°. 
This stated in numbers is as follows : 



lib. of copper, at 320°, 
lib. of water, pt 70°, 



r|c 



Ll.TI 



Common temperature, 92°. 

-"- 70°— 2a°(»). 
The copper has therefore lost 228° ('), and the water 
gained 22° ('). Therefore, if water was 228, the specific 
heat of copper would be 22, for the water gained only 22, 
while the copper lost 328. The number of water ia, how- 
ever, 1,000 ; therefore, the specific heat of copper must be 
represented by 0-096, which is obtained by the following 
proportion : 

228 : 1.000 : : 22 : 0.09a. 
The power of different bodies to receive more or less 
rising to a given temperature, is called capacity for 
diffeiTt from specific beat in this : — capacity is the 
pvjoer to reeeive, specific heat is that received, and these differ 
in different bodies. Thus ' in the experiment with the tum- 
blers (59,) the space between the marbles in the first, would 
represent capacity, and the sand which was poured in spe- 
cific beat ; in the second, the space between the pebbles 
would represent capacity, and the sand, as in the first case, 
specific heat. As the space and sand were less in the se- 
cond than in tbe first, so capacity and speciiic heat are less in 
some bodies than in others, but in all cases correspond with 
each other, being greater in the same bodies, and less in the 
same bodies. 

63. If theeapaeitij of bodies for heat is in enij way t«- 

~ — leii, a eorresptmding amount of eold is produced. This 

r diminution of capacity, may bo produced by in- 

diminisbed pressure. In the mines of Chemnitz 

Hungaiy, a column of water 260 feet high presses on a 

quantity of air in a tight reservoir. The pressure, therefore, 

immense, being equal to 68 or 69 atmospheres, and when 

lipe communicating with the reservoir of condensed air is 
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iuddealjr opened, it rushes out trilh extrcine velocity, in- 
at&taly expandu, and, in mi dfiiuv, absorbs no mucfa beftt, 
that the mulsture which it holds is precipitated in the form 
of snow. In thia case, the capacity of the air for beat wM 
diminiahed by the condensation in the air chamber. Watery 
vapor, therefore, remained suspended in this condensed 
■ir without Iohs of heat. But the moment that ihe pressure 
was removed, the capacities of both the air and the watery 
ta|>or for boat were vastly increased, both of which would 
lofte in sensible heal, in proportion as they gaiued in capa- 
city, and thus the vapor, and the jet of water would be lio- 
Ken, the former in the form of snow, the latter in that of ire. 

When steam issues from great pressure it does not scald 
lu at common pressures, although its lentperature whiU am- 
der pretiiire was much higlter than 213°. When set frefi, 
its capairily is so suddenly enlarged aa greatly to lower its 
temperature. The diminished capacity for heat of steam un- 
der great pressure, renders it more profitable to employ this 
kind of steam, or /ligh iteam, than Hteam at low pressure, or 
lou! iteam. Still the latter is generally preferred, being less 
liable to accident. 

64. On the other band, by sudden condensation, a great 
degree of beat may be proiduced. Fire may be produced 
by the sudden condensation of air. In Fig'. 31, a is a piston 

I moving airtight in a cylinder, b. On the end of the piston 
there is a cavity, in which apiece of tinder is fastened. When 
the piston is suddenly forced down, the condensation 
Fig. 21. of the air causes so much beat aa to set the tinder on 
fire. Before better means of obtaining fire were found 
out, these instrumentB were used for that purpose. 
■>- 65. The quantity of heat which bodies contain, as 

indicated by the thermometer, is called their tempe- 
rature. This term, therefore, applies only to sensiblo 
heat. The temperature of bodies cannot be accu- 
rately determined by our sensations. This may ba 
shown by the following experiment — a, b, and c, (Fig. 
"■^.) ai-e three bowls, of which, a is filled with hoi 



water, h with v 



.tthe 




temperature, and c with 
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cold water. If the left hand be placed in o, 

hand in c, and, after some 

time, both hands be re- Fig, 22. 

moved to h, to the left 

hand, the water in b will 

appear cold, but to the , 

nght hand it will appear ^ 

warm, or even hot, 

G6. A good conduc- 
tor, aa a metal or a stone, 
appears much colder than 
a bad conductor, as a brick, or dry wood. A day ii 



id the right 




60°. In judg- 



when the thennometer is at 50°, feela v 

one in summer when the thermometer is 

ing, therefore, of the amount of heat in bodies e 

lemperaiures, we use the thermometer, and in measuring 

intense heat, lie pyrometer. From these instruments we 
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; maintaiTud cmitinually at 
Iso which are in the direct 
i sun's rays have left, are reduced to 
with other bodies, and the tempera- 
rendered more equal by currents 



, and by radiation and reflection of heat, 
(2.) The tn/iole range (^natural temperature m exceedingly 
tmall, compared with the exlremer of heat and cold, vrhkA 
have been obtained by artificial means. More than Sd,000 
degrees have been eatimatod, from the greatest cold to the 
highest heat yet obtained, and it is in the power of the 
chemist, by means of instruments to be described hereaf- 
ter, to produce a heat vaatly more intense than this, Yet 
the range oi natural temperature hitherto discovered, is less 
than 200 degrees. The greatest heat hitherto dtEcoverod, 
io a situation completely protected from the sun's rays, is 
that by Belzoni, in a cave in Egypt, where the thermome- 
ter rose to 130°. The greatest cold was observed in Sibe- 
ria, where the thermometer sunk to 70° below zera One 
hundred and ninety degreea, we may therefore receive aa 
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entire apKce oci-upieJ by natural heta. iii ih* •cak rf 
uniure. Mui^b leiM is the raiign wtiich tnan can eo' 
with cumfort, or wilh {iKilonged life Many tpT the 
Is of the sea, do not differ but 20 de)*re«B in the entire 

and someiimeg iiot more rhnn 10 degrees. 
, The most important circuin stances affecting our ho- 
tatiiins of tempcraittre, are the following: 

(1.) A dry uir feda tntirh cooler th-ana moitt arr ut Ihl 
tamr temptratitre, bfcau*r it ceola k* hy tvajtoratitm of flum- 
dor from thr turfaef of the body. A moist air being alreadj 
ch(U:>^ wilh vapor, checks the evaporation from the »n^ 
iace, and thus ap]>earB to be much warmer than it really h. 
' (3.) Good etmdHetora of heal, fed much colder than MM- 
nrnduetori, brmute thry carry ojf heat more rapidly front 
'4Ac tytUm. Thus an iron knob feels much colder than i 
'vrooden or glaas handle. Jewellers in this way at opM 
diHltnguish jewels fiom imitations, by touching them lo Uie 
tongiie. The real jewel is known by its coldness. A man 
' " ' " ' e be known from glass, by pia- 
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bf rock-crystal may 
King the hand upon it. 
• (J.) A iiluattoK whfTf I 
tooier than are vikrrt wlifri 
•.1/ indicate no d'ffcr\ 
warmer than itself, air \\ 
rapidly tlian slill air, for 

ally brought into contact with the warm or heated surface. 
ThM is especially true of the body, which is not nnly ex- 
fiOBBd to a greater amount of air, but loses a greater quan- 
tity of moisture when the air is in motion, and this t/dt 
creased evaporation caiTies off a great amount of heat. 

(4.) CUtthing enabUs ks to endure the seeerity of wittier, hg 
preventing the eieape of our heat. The inhabitants of the 
'central regions of the earth wear little clothing, and that 
of a nature to intercept but little of the heat of the body. 
In temperate latitudes, during winter, the inhabitants clothe 
in woolen gai-menls, which confine the heat more perfectly 
than cotton or linen ; and in more northern countries, the 
ats to a great extent of furs, which are much bet- 
iductors than woolen garments. 

{5.) In all the leaaont of the year, partietdar provigion it 
made for tilt loelfare of m.an. In winter, the congelation of 




[frettt mssaea of ice returns lo the lur vast quantities of 
latent heat Aa ipTrag advances, the melting of tiie snow 
keeps back the too Buddcii return of Bummer. In svtfimer, 
the vaat amount of evaporation which takes place, reduces 
to a great degree the temperature of the air. Finally, in 
autantn, the condensation of vapor protracts the diiratioo of 
summer, and retards the sudden coming on of winter. 

6S. At a certain distance above the earth, we come to ffae 
region of perpetual frosL The loftiest mountains are cav>- 
ered with snow, which continues the entire year, and ia 
never melted. The lower limit of this region is called th« 
7h-m of Gongdalioit. This term varies in height in dlfier- 
ent latitudes, being about three miles at the equator, and 
descending to the general level of the earth at the poll '~ 
The intense cold of the air of these elevated regions, 
froTU two causes ; — 

(1.) The sun'e rays penetrate thmugk iht atmotpheri 
out heating it. Even at llie equator, the air is heated chiefl' 
from the ground, which receives the heat from the sua, and 
communicates it, by r.ontact, to the air. This fact account! 
for the intense heal of deserts, where no evaporation takes 
place to cool the surface, but the heat accumulates on the 
sands. When we ascend above the general level of the 
earth, as we leave the source of beat, the air becomea 
gradually colder, until at the height of the highest moui^ 
tains we come to a region of intense cold. 

<a.) The air of these regions it grtaliy rarefied. Thit 
cause operates to increase the capacity of the air for heat 
(61.), and thus it absorbs heat from the mountains with 
which it is in contact, producing a temperature below 
the freezing point, on the sanie principle that snow is pro- 
■^ — ^ '-— ■*-- sudden expansion of air in the mines of 
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OF HEAT. 

of heat are the following: 



4.) Percussion. 
of the Earth. (5.) Friction. 
(6.) Mixture. 
(7.) Electricity. 

the great soiirce of natural heat, 
as is so adjusted, that were it any 
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1 llie interior 
e shaftB, boring for 



furtbar remoTed from us, or any nenrer to ns than it is, 
" tke world would return to its original cbaoe," The 
Bmount of solar heat is not accurately indicated by the ther- 
tnomotcr, for we cannot place this instrument in a situstion 
exposed to the sun's rays, where it will not lose moet of 
the beat which falls upon it, by radiation, cooduction, cur- 
rents of air, tec. Were we able to confine all the heu 
which comes to it from the sun, we should find that this 
beat greatly exceeds what we are accustoined to consider 
as its amount. By surrounding the ibermoineter with Don- 
conductors, it has been made to rise in the sun higher than 
S37 degrees. Hence we see the reason why in warm coun- 
tries it has been considered hazardou 
in the open sun at noon-day, without 
protection from the direct rays of the i 

71. (2.) A second source of heat t 
of the earth. It is found, in sinking m ^ 
water, &c., that, in descending, the temperature rises 1° for 
every 45 feet, or 117° per mile. If the rise of tempera- 
ture continue at the same rate, at the depth of less than two 
miles the earth has ibc temperature of boiling water; at 
nine miles it is red hot, and at thirty or forty miles depth, 
all known Bubstances are in a slate of fusion. We are 
standing upon a crust, and nearly all the four ihousatid 
miles from us to the cenler of the earth, is a melted massi 
which frequently pours forth lava from volcanoes, or rum- 
hies in earthquakes, when it comes in contact with water 
or other substances that produce violent action. 

72. (3^ Combustion is the most common and diveraified 
source of beat. By his control over tlie process of combua- 
tioR, roan has arisen to bis present high state of civilization- 
By ibis he evinces his superiority to other animals, and as- 
serta his dominion over matter. Instinct has not failed to 
teach the lower animals all that their situation required,-^ 
to build dama according lo the most perfect rules of archi- 
tecture, to construct iiests with wonderful skill, and to mi- 
derstand and imitate man iu hia voice and actions ; but to 
employ the energies of heat iu subduing matter, in moulds 
ing metal, in excavating rock, and in accumulating power 
which nothing can resist, is exclusively the prerogative of 




The variety and beauty of combustion may be well 
illusCrated by pyrotechnic compositions, some of which will 
be found in the aequel{'). * 

73. (4.) Percussion produces Iieat on a limited ftcall 
as in the hammering of iron, and in the coining of mon^, — — . 
The rise of tiie tempcraturo in this case, ia owing to thi ' - 
condensation of the matter in the substance which is 
pounded, and ia in proportion to the degree of that conden- 
sation. A bar of metal, after it has been heated by pound- 
ing, becomes brittle, but recovers its malleability after be- 
ing heated in the fire. From this fact it is inferred, thai 

the heat which was extricated by hammering was combin- 
ed with the metal, and was the cause of its malleability. 
In the percussion of steel and flint, so much heat is pro- 
ilnced, that the particles of steel are set on fire, producing 
what ia called, " striking fire with steel." 

74. (5,) Friction is another familiar source of heal. 
Savages kindle fires by rubbing pieces of dry wood togeth- 
er, and dry forests are sometimes set on fire by the motion 
of one Umb upon another. The sides of a ship are said to 
take fire by the rapid descent of the cable, and the axle- 
trees of carriages are set on fire by rapid motion. Two 
pieces of ice have been molted by friction against each 
other in a vacuum at 32". The water in which cannon are 
bored ia sometimes heated to the boiling point by the fric- 
tion of the borer against the melal which it cuts. All ma- 
chinery, therefore, where there ia much friction, must be 
moistened or lubricated to diminish the heat. Disaatroua 
consequences often ensue from inattention in this respect. 

The heat excited by friction may be classed aa an effect 
of condensation, since the surfaces exposed to friction are 
subjected to constant compression. This heal ia not in pro- 
portion to the hardness and elasticity of bodies, for a piece 
of brass mbbed with cedar wood produces more heat than 
when rubbed with another metal, and the heat is sti!! greater 
when two pieces of wood are rubbed together. 

75. (6.) The mixture of two or more substances which 
set chemically upon each other, is almost always attended 
with a change of temper ature('). In all these cases, where 
heat b evolved, the mixture occupies less volume than the 
components, and the heat is owing to this condensation. In 
mixing sulphuric acid and water, the condensation may be 
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made apparent by the metlirHl represetited in Fig. S3, m is* 
lube witd a. double globe. The stem and one bulb is filM 
with strong sulphuric ucid, and the upper bulk with wsler. 
It is now corked and inverted. The water lisM 
'"*■ lo mingle with the acid, and the diminution of toI- 
ome will be seen in the tube. In dissolvisK saltt, 
which contain a large amount of the water trf cry*- 
talization in their composition, this wuer is aet me, 
and the volume is thus considerably increased. The 
solution of these salts, therefore, produces cold> and 
this is one cause of the cold produced by freezing 
nuxtures ; but if tbeao salts be previously deprired 
of tlieir water by exposure to heat, and then dis- 
solved, heat is produced, because they combine vrith 
a portion of the water, and the volumo of the two 
becomes condensed. 

^|l 7G. (7.) Electricity affords the means of exciting 

U a heat as powerful as any that is known. Thepa^ 




I effected will be d^ 



LIGHT. 
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77. This subject must be studied chiefiy under Xatural 
Philosophy, which lakes cognizance of the mechsnical 
means by which it is decomposed, its laws, whicli are cfaiellj 
mechanical, and the phenomena that are produced by these 
laws. A few of the leading facU and properties of light 
only belong to Chemistry. Among these are, 

(1.) Its composition. Lighl is not a simple substance, hit 
w made t^ of thrte ItinAs of rays. These three kinds are 
called the calorific, (Latin color, heat,) or heating rays; the 
colorific, or coloring rays; and the chemical rays. In every 
beam of light these thi-ce kinds of rays are united. The 
colorific rays are found to he seven in number, viz : vio- 
lel, indigo, blue, green, yellow, orange, and red. The 
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thod of decomposing light is entirely mechanical, and 
iTcfore belongs to Natural Philosophy.* 

(2.) Light praducEi o» mamy bodies true cJiemicoJ effecU, 
causing an entire change of pr»perfie». It will be seen hero- 
after, thai two gases, chlorine and hydrogen, combine at 
common temperatures only tmder the influence of light; 
and when the direct rajs of the sun fall upon their mixture 
in a glass botllc, ihey unite with explosion sufficient to 
biirst the bottle. The chemical action of light is essential 
lo both the animal am! vegetable kingdom. In the animal 
kitigdom the effect is most apparent in changing the color 
to a darker shade. When persons are secluded from iba 
light, thej become pale and sickly ; when aufficieutly ex- 
posed lo ihe light, they assume a ruddy and healthful com- 
plexion, Certain animal substances, however, are bleached 
by exposure to the light. Thus the hair of children is ren- 
dered white by playing in the sun, candles are whitened by 
hanging at the windows, and beeswax is bleached by being 
spread on ribbons and exposed to the sun. Oil is clarified 
by light, and woolen stulTs are faded or bleached by a sim- 
ilar process. 

The vegetable kingdom exhibits the effects of light in a 
much higher degree. Plants that grow in the shade are 
alendor, p^c, and sickly, destitute of taste, odor, and all 
their peculiar properties, "When a vegetable grows in a 
dark place near a wall, if a small opening be made in the 
wall, the plant will turn towards it, make its way out, change 
its sickly hue to a lively green, and speedily acquire all its 
characteristic properties. If to ibat portion which still re- 
mains in ihe dark a light be supplied from a lamp, the same 
effect will take place upon ibis as upon that portion without 
the wall, exposed to daylight. On this principle gardeners 
secure celery and cabbage from the light, to give them ten- 
derness and whiteness. The potato, exposed to the light, 
becomes green, rigid, and bilter. Rose bushes tliat bear 
red roses m the li^t, bear white roses when made to grow 
in the dark. 

The art of Dague/rcotifping depends on the chemical 
oies of light. This process will be described hereafter, 
the substances which are employed in it are understood, 

• Sea 01in«lM"« Natural Philosophy, where mnny new and benuliful eiperi- 
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so ■LKKMNTB or cmHISTRT. , 

(S.) Light from diferent bodies differ* in cdor. Tb« 
Whita liglit of burning charcoal b tbe principal source of 
the ligbt from candles, oils, and the illuminating gases, for it 
ia the carbon which iheae 6ameB contain that burns in tha 
light, and gives intcnaiEy to the flame. Thia light, when 
analyzed, gives only three of the primary colors, red, yel- 
low, and green. The dazzling light emitted by lime, in the 
I>rummond ligbt, produces the prismatic colors almost M 
brightly as the sun. The light emitted by icon at B dull reil 
beat, consists chiefly of the blue and red rays. It is also a 
fact of great interest, that, while our sun gives white ligbt 
to the bodies of tfae planetary system, there are stars or 
auns of different colors, which illumine the worlds upon 
wbifJi they shine with different colored light at different 
times. These stars are called double stars. Tbe colors of 
two Btara which together form a double star, are such that 
when united they form white light. 

J 4.) All bodiea emit light at a high heat, and wany at the 
inary temperature. When the temperature of solid sub- 
atancea is raised to about 1000°,* they begin to be luminotu 
in the day light. It requires a far higher temperature to 
render a gas visibly ignited. This may be illustrated by 
holding a piece of platinum- wire in iho current of air whi<^ 
rises from a spirit lamp ; the air is not visibly ignited, but 
the wire instantly becomes red-hot. Many bodies phospho- 
resce, or give out light at the ordinary temperature. The 
diamond, when slightly heated, rubbed, or compressed, emits 
a light almost equal to that of the glow-worm. A varien 
of the sepia, found in the Mediterranean and Indian aeaa, la 
uid, when opened, to exhibit so brilliant a light as to iUu- 
lainate a large room. The following fluids were found by 
Dr. Brewster to bo phosph orescent when poured into a cup 
of heated iron ; — albumen (white of an egg) diluted with 
water, isinglass in solution, saliva, soap and water, solution 
of rhubarb, common salt or nitre, tallow, alcohol, oil of diU- 
aeeds, and oil of cloves. 
I Several plants have been observed to be luminous in the 
I dark. But the finest example of plioapboroacence is that of 
I the ocean. Hero the waves that surround the ship are illu- 





eENIBAL PBIVCIPLBi A 




I 



Tar as tlie eye can reacli, wirb innumerable ' 

Its of light rising to the surface and again di^appeai ^^^ 

a boat of small stare dancing and sparkling on the bo- 
of the sea. Sometimes, also, large globes of fire are 
aeon, mostly at a groat depth, shining through the water, 
then rising rapidly to the surface and flashing a bright spark 
of light, eo brilliant as almost to dazzle the eye, and again 
they float along, disappearing gi-adually with the dark wa- 
in tbo distance. All this light comes from animalcule*, 
after being caught in vast numbers, they ha\ 
give out light. 



GALVANISM. 



78. Cott 
duced by n 
Philosophy. 




nan electricity and magnetism are generally n 

3ubanical means, and therefore belong Co Natnl 

Galvanism, including electro-magnetism, 

d by chemical agency, and therefore comes under 

Chemislry. 

In the year 1790, Galvani, a professor at Bologna, in 
Italy, observed that the freshly prepared legs of a frog were 
convulsed the moment they were brought within the influ- 
ence of a powerful electric machine in action. From this 
experiment arose the science which, after Galvani, is call ed 
galvanism, by moans of which the constitution of tlie c 
of the earth has been determinedj and the science o 
iatry has been revolutionized. 

79. This primitive experiment may bo shown 
by the apparatus represented in Fig. 24. Strips of 
two different metals, one silver and the other zi 
are made to grasp the thigh of a grasshopper 
cenlly killed. One of the metals is curved above, 
and when this is brought into contact with the 
other metal, the leg of the grasshopper is extend- 
ed, and again contracts on separatmg the metals. 

When the same apparatus is applied to the thigh 
of a frog, as in Fig. 25. and the two metals i 
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ighl imo conracl, llie lega of tlie frog are thnywn out 

Sie position ropresenteii by llie duited lines. Wb«a 

I Introduced into a tumbler of water containing a leech or 

Email fish (Fig 26.), if the metala 

are brought on each aide of tto 

aiiima], and their contact above 

. mpleied, the leech or fiab is 

instantly disturbed, and endeav- 

-8 to escape from its poeilion 

jn the i-ourse of the current. 

80. Volla, a pupil of Galvanit 
first attributed these phenomeoa 
to their true nauae — the contact 
of different metals. On tbia 
principle lie arran- 
ged a aeriefl of two 
"-different metals, aa 
represented in Fig. 
27, with cloths wet 
with a saline or 
acid solution be- 
tween them. In 
this arrangement 
the copper, c, and 
the zinc, z, alter- I 
nale and between | 
the metals are pie- I 
« Lea of cloth or ■ 
I pasteboai'd, and the pile commen(.es with z, or 
I zinc, and ends witli e, or copper. On connect- 
I ing the wires at tlie two ends, a current of elec- 
tricity flows in the direction of the arrows. If the 
wires are aepnrated, and one hand he placed on 
ine end of the pile, and the other on the other 
3nd, a shock will he felt. This apparatus is 
called, after its inventor, the VolCaic pile. 

, The discovery of Volta was announced in 

1800. Since that time other forms of apparatus 

\ have superseded tliia pile, and yet the prindiple 

a which they are constructed has remained the 

ime. This principle is, that wA-m two dissimilar 

metahare brought into contact with an acid, or so- 
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Fig. 39. 



« to!ulimi, a currenl of eleclrieki/ u produced. The ■ 

ist illustration of this principle is made by two bIim <4 

metal, z and e, (Fig. 28.) one of zinc, and the other of oop 
per, and a glass of acid water. If s and e be 
placed in the solution, aa long as they do not 
touch each other no action is excited. But il 
they are brought into contact at the lop, then a 
current is established in the solution frora z to 
c, in the direction of the arrow, a, and out of 
ihe solution in the direction of the an 
The current may be considered as starting; from 1 
js, passing to c, in the direction of the arrow, a, 
ascending c to the point wiiere the two metals 
touch each other, and then descending z to the point from 
which it started. The metal, z, is usually amalgamated with 
mervury, which has the effect of counteracting any impuri- 
ties which may be present. Tliese impurities cause the 
different parts of the zinc to be dissimilar, and hence much of 
tbe galvanic action is expended between these dissimilar 
portions of the zinc plate, and so much is taken from the 
current which passes to the copper, and through the entire 
circuit. Amalgamation with mercury renders the surface 
more uniform, and thus increases the current which goes 
from the zinc to the copper. 

82, If z and c be placed in an upright pa- Fig, 2a. 
Bition, asinFig. 39, then there will be no com- 
munication, and the current will not flow \ 
until they are united by two wires, as u 
which are soldered to each of the metals \ 
X aud e. When the wires touch, the commu- 
nication is completed, and the electrical c 
rent begins to flow. The plate of zinc, z 
called the zinc, or negative pole, and the cop- 

Er plate, c, the copper or positive pole of the 
ttery. These terms are continually I'eferred to in descri- 
binij; galvanic processes, and, therefore, should be thoroughly 
understood. 

83. To render the effects of galvanic action more power- 
ful and striking, galvanic batteries have been constructed. 
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differing frmn each otlii 
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and zinc. 
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\\j a combination of plaiee of two dif* 
ume plan of sltentalion of tnetals, fcui 
in form. 

One of these balteries, first con- 
structed by Dr. Hare, of Phila- 
delphia, b called the dffiagrator, 
from the energy with which it 
deflagrates or burns the inetala 
and other combustible substances. 
This form of battery is represented 
in Fig. 30, where a single coil of 
zinc rests on the exterior cylinder 
of copper, by three wooden sup- 
ports. The interior cylinder u 
also of copper. GJreat power is 
obtained in baiteiiea of this form 
by multiplying the coils of copper 
n a battery constructed for Yale College, tJiere 
were nine hundred members, or pairs, of <:opper and 
zinc. A great variety of effects may be produced by t b ' H 
battery, of which one of the moat interesting is the burn- 
ing of charcoal points, where an arch of flame of the 
brightness of the suu is formed, sometimes sL\ inches in 
length. 

84, Among the effects of galvanic batteries, are the fol- 
lowing ; 

(1.) WMle the zinc of a battery in action it corroded, the 

pper it not acted ok in the lightest degree. This fact 

proves that the origin of galvanic action is the unequal eorro- 

aion ofmetalt by a common fluid. The design of employing 

different metals in the construction of batteries, is to favor 

is unequal corrosion. 

In whatever manner two dissimilar metals are united, 
this unequal corrosion wilt take place when they are im- 
mersed in an acid solution. Thus, if a plate of copper be 
fastened by any raeibod to a plate of zinc, and both be 
plunged in an acid mixture, the zinc will be corroded more 
rapidly from its union with the copper, than it would hare 
been alone, while the copper will not be acted on by the 
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where com- 



Fig. 31. 






fluid. Iron may in this way be protecied from 
If a polished plate of iron be attached lo a plate of 
immersed in a weak solution of hydrochloric acid, the 
will remaia untarnished, though if plunged alone ii 
dilute acid, it will be acted on immediately. On this p) 
pie is founded the method oi galvanizing iron. Iron is 
ered with a coating of zinc, and as long aa a particle of 
zinc remains, the iron will not be acted on. Hence gal' 
ized iron is of great use in covering objects which 
exposed to the weather, and in other situatiu 
mon iron would soon be rnated. 

The copper sheathing of ships might be protected in the 
same way ; but the gradual corrosion of the copper is found 
necessary to prevent bamaclai, and other animals of the 
sea, and sea-plants, from fastening to the bottom and sides 
of ships, and impeding their progress. This principle is, 
liowever, appliciT to the manufacture of life-boats, which are 
made of galvanized copper. 

That galvanic action is produced by unequal 
corrosion, is shown by the arrangement i^epre- 
sented in Fig. 31. A is ajar filled with nitrate 
of copper to a, and then with dilute nitric acid 
to 5. G D is a slip of copper which is immersed 
in both solutions. The part C is dissolved by the 
nitric acid, but the part D being in tlie solution 
of nitrate of copper, is not acted on. This une- 

Stal action causes a current to flow from C to 
, which deposits metallic copper at D, as will ) 
be explained more fully hei-eatter. 

As tin is not as easily acted on as iron, in tinned i 
tin plates, the iron corrodes faster because it is united wiih 
the till ; but the tin being on the outside, the action cannot 
take place except where it has been worn off, or the iron 
uncovered in some other way, as around nails that are 
diiven through the tin, or on the edges. 

85. (3.) ,fe7i(Vto» may be petformed in a splendid manner 
by a powerful galvanic battery. On connecting the ends of 
such a battery by fine metallic wires, these conductors be- 
come intensely heated and emit a vivid white light. 
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tLiviMTB or cBStaumy. 

86. (3.) Comhvifion. — If the wires be EtifHciently fine, M 
.. ^»_«..„: — .: — 1^ made by means of metallic lesves, tbs 

meiale bum with vivid scintilla- 
liona. This is represented in Fi^. 
32, where a piece of leaf metiil 
{gold leaf, silver leaf, tin foil, kc.) 
is attached to ihe positive wire, y, 
and the negative wire, n, it con- 
nected with a metallic cove^ 
which has been brightened, for the time, with mercury. 
When the leaf metal is brought into contact with the pol- 
ished surface, it burns with a vivid light. Gold emits t 
vivid white light, inclining a little to blue; silver a virid 
green ; zinc a bluish while flame. If the galvanic current 
he made to pass through gunpowder, phosphorous, or 1 
mixture of hydrogen and oxygen gases, they are inflamed. 
Alcohol, ether, and lurpcntine, may be inflamed in a similar 
manner, or by suddenly breaking the contact of the wire 
with the fluid, while the galvanic current is pasting. 

87. (4.) Dfcomjiositiont are produced hy gahaniam. Iflbft 
ends of iwo piatiuum wires, connected with the battery, an 
placed in water slightly acidulated tn improve ils conducting 
power, a alream of gas will be seen to rise from each. If now 
glass tubes, as two large test lubes of equal size, are placed 
over the wires where the gas is rising, they will collect ihii 
gas. One tube will be found to collect twice as much as the 
other, anil on examining the gas in this tube it will be found 
inflammable, while that collected in the other tube wtO 
not be inflammable, but will mpport eombtutirm with great 
enei^. From these different properties of the two gases, 
one is known to be hydrogen, and the other oxygen j bofli 
of which will be described hereafter. The inflammsUe 
gas or hydrogen, in water, is found by this method to be twicS 
m volume, the supporter of combustion, or the oxygen. 

Galvanism is one of the most important agents of decMO- 
position which the chemist possesses, and by this he is cna- 

■ Like the tin coTcn which are made for glam ]«■. 
BO, Whal is third eSsct of galianiam T Ho-w ii Ihis produud T Ex^iis 

what effrct is piixlueed iviicii ihe galvanic currenl in mode tn puss thmuik 
gunpowdet, phosphomiis, or imiilura of hydiDgen andoiygen giaeat How 
may »1coho1,cIher, and inrprnlinR, be infl>in«]l 

BT, Wbat \» ihe tourltt effect pmduced by ;a]ran 
water be decomposed by lie |altanie cumnlf W 
camparilidn T Atie.— Two gatiBB. How will ibcac 
b etbet ID propertiet T— in rolume 1 
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bled to inveatigaie the coropooition < 
with great facility. 

8S. In all caaea of galvanic decotn position, one of the elo- 
mcnta of the body undergoing decomposition is found at the 
negative pole, and the other at the positive pole of the bat- 
tery. In the decomposition of water, for example, the oxy-, 
gen is found at the positive pole and the hydrogen at * ''' 
negative. Bodies are, therefore, claased into electro-j 
tive, or those which go to the negative pole of the batlei 
and electro-negative, or those which go to tlie positive 
of the battery, the poles being supposed to attract bod! 
apposite electricities, aa iu all other cases of electrical at- 
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The terms electro-positive and electro-negative are for the 
most part relative, for most substances are electro-poeilive 
with regard to one class of iiodies, and electro-negative 
with regard to another class. Oxygen, however, is always 
electro-nogative ; all other bodies are, therefore, electro- 
positive with regard to oxygen ; that is, when their com- 
pounds with oxygen are decomposed, they are found at 
the negative pole of the battery, while oxygon in found 
the positive pole, 

■ 89. When metallic solutions are decomposed the metalj 
deposited on the negative pole. This is applied in the p ' 
cess t^ eUcCroti/ping, or the process of depositing metala 
B (galvanic current. This process may be illustrated by 
following experiment. 

With the poles of the battery, connect two polisl 
plates of metal, as iron or copper. Suspend these in a 
lute solution of sulphuric acid. If the battery is in opero- 
tiOQ it will be seen that one of the metals will be tarnished 
almoei instantly, while the other plate remains bright. This 
must be owing to a dificreDt action on the two plates, for 
both are in the same solution ; the acid acts on one and does 
not act on the other. The one that is acted on wilt be 
found to be always the one at the positive pole, and the 
plate not acted on the one at the negative pole. The ac- 
tion of the sulphuric acid on the plate at the positive pole, 
produces sulphate of copper, as will be shown hereafler. 
Tbi^ is dissolved in the solution, and when the latter in this 
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SLEMENT8 OF CaSMIfTBT. 

way becomes cbarged, ilicn a new operation will be o)> 
served. Metallic copper will begin lo he deposited on ibe 
plata at the negdtive ]>ol«, the plate which hitherto had 
been unaltered. 

By this proceas BBulutinii of sulphate ofccipper has been 
fonnud, but it is usual lo commence with making the scilu- 
lion by dissolying the bbU itaclf. Then, on ImmerBing the 
two potoa of the battery in tho solution, a deposition ofniAtd 
lakos place at onco ; at the same time, as in the former 
case, the metal at the positive pole is continually dissolTed. 
The metal, therefore, at this pole is changed into sulnhals 
of copper, and at the negative pole the sidphate oi cop- 
per is changed into metallic copper, which is deposited 
on the metallic plate at tliis pole, and the sulphuric acid, 
ic(_/J-ee from this decomposition of the sulphate of copper, 
travel* over and attacks the plate at the positive pole. Thui 
the latter plate becomes continually smaller, while the plate 
at the negative pole is continually increased by fresh 
depositions of metal. The solution is kept charged with 
sulphate of copper as long as the copper plate at the 
positive pole remains. All other metallic depositioDs'In 
galvanism are made on the same principle. If copper it 
to be deposited, a solution of a salt of copper is employed, 
and a piece of copper at the positive pole to keep up tht 
itrength of the solution. If silver is to be plated, a silver 
solution is employed, and a silver coin or other piece of ail- 
is placed in the positive pole. To plate gold, in like 
ner, a solution of gold is used with a piece of gold at 
the positive polo.(*) 

90. (5.) iV/a^e(i™» is produced hy galvanic action. Elcc- 
tro-magnetisro has recently grown almost to a distinct stn- 
ence of great interest and great importance, particularly in 
its application to the Electric Telegraph. As the principle of 

ptDCeu illiiBlrsted ! At ichich pole ia Ihe niEtaUic plale whii^h i> actedont 
Whut does the anion nt the Bulpliuric acid on thu pluie pmduce 7 WhMulna 
place nticD Lhe aaluiion bKomcs chsrged with eulphnte uf copoer! WtaitH 
the usual melhod of commencing Iho clticlrotjpo process \ W hu ihen l»i« 
plKce UQ iimnersiDE the two poles of the bUAetj f Why is the Hiluiian irvt 
continually chsrged with sulphate of ci^pec.nalnithstsnding this is contiandlj 
dectuniiiHed and metallic copper deposited on the negatiye pole ! An».^B»- 
eause aulphate of copper is euntinually fanned at tho positice pole, » faatoJ) 
ia decomppsed ■! il>e negatire pole. How is tbia accompliiihed > A ns. — The ml- 
phuricaeid Hhich ii «t l>ee l>y the decompoailion of the lulphile of copper it 
Me DQUire pole, travels oiei 10 the poiitiie pole and therg corrodes the coppei 
wire, or plale, forming with it sulphate uf copper. When siliei is to LeplBied, 
what (olulicn is used! What is placed in tbe pnsilive pole 1 Why is a piece 
o/MJJver placed in the poailive pole 1 Hu* \b (jiVd ^Uledl 



Ihe lelegrapli and its different varieties are fully described^ 
in natural philosophy," it will not be necessary to repeat 
thai description in this work, although this instnuneDi has 
relations alao to chemistry. As ila construction and mode 
of action are entirely nieclianica), it is allied to natural phi 
losophy ; aa the galvanic fluid by wliich it is put in motir" 
ia generated by chemical agents, it might he descril 
under cherai8try.('' ) 

91. The different Jorms of galvanic batteries are found 
produce very different results. If we take a 6<juare foot 
copper and a square foot of zinc and place a wet cloth \ 
tween them, we shall have a battery which cannot gii 
shocks nor decompose water, .but which will cause a 
■cetallic wire to become white hot, and even to fuse, 
again, we take a square foot of copper and another of sine, 
and cut each into 144 plates an inch square, and arrange 
them ivith siinilar pieces of cloth, as in the Voltaic pile, the 
instrument will give shocks and decompose water rapidly. 
From the same quantity of metal, therefore, two speciea of 
battery may he made; one consisting of ajew platei with a 
large mirface, and the other of a gnat number of small plater 
or plates with iinatl surface. The former produce great 
magnetic and heating effects, and are called 
qttanliti/ latteries; the latter are more pow- Fig. 38. 
er&l in giving shocks, decomposing water, 
fcc., and are called itUeiuJty batteries. The 
deflagrator, already described (83.), is an 
example of the first kind of battery. 

92. Siaee^s hatttry (Fij. 33.) is an exam- 
ple of the second. It consists of a plate of 
platinised silver, or platinizedt platinum, S, 
on each side of which are placed parallel 
plates of amalgamated zinc, Z Z. 
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thia clan^ uii) is therefore cunnectftd with ihe 
by a taetallic communicalioa. The other pole, S 
tiiroU]^ the wood and is connected with Ibe silver.' The 
wood serves to intulate the two ptJes from cock other. 
These poles have screws for attaching wires. 

93. Grove's battFry, a. section of which is exhibited in 
(Fig. 33.) b employed where great power and inteosity are 

required. Z is the cylinder of zinc ; c is a cup 
\t^ tnaiile of porous earthemware ; ;t is a strip of pla- 
u. The porous cup is filled with strong ni- 
acid and into this the platinum is placed. The 
I glass cup is filled with dilute sulphuric acid and the 
y. cylinder of zinc is l^t down into the sulphuric acid. 
To use this battery, first fill about half full the 
gliui cup or tumbler, a, and let down into the solu- 
tion tlie zinc cylinder. Within the zinc cylinder 
let down the poroixs cup contaioing nitric Kcid. 
Tliis will cause ibe sulphuric acid to rise, so as 
nearly to fill the tumbler. Finally, place in the 
nitric acid the atrip of platinum, connect the poles. 
and the galvanic action will commence. 

94. Danitl't hattery is another common form of the gal- 
vanic battery. It consists of a copper cylinder c, (Fie. 34.) 
into which a solution of sulphate of copper is poured. Within 

this is a second cylinder, p, of porous eartheni- 
'* ^*- ware filled with dilute sulphuric acid, into which 
an amalgamated zinc rod, z, dips. Prom the cop- 
' per and zinc project rods, r, r, terminated in bind- 
mg screvrs by which the polar wires may be con> 
nected. 

95. Each one of these batteries has its peculiar 
advantages, and the objoct to be accomplished 
determines which one shall be employed. With 
! deflagrator. Grove's, and Daniel's, all can 
I be accomplished that is desired; the deflagrator 
for magnetic purposes. Grave's for chemical de- 
compositions, and Daniel's for gilding and electrotype pur> 
poses. If, however, only one can be purchased, the simple 
jitrm of the deflagrator, represented in Fig. 30, will be found 
their 




96, (1.) Affinity talte) place onty between, bodies ^ a iiffer- 
ent nature. This follows from the dcfnitUm of affinity, 
page HOC) 

(2.) Bodies tnoit opposed to eaek other in chemical proper - 
tics, evince the greatest tendency to enter into combination. The 
converse of this proposition presents this printiple in a more 
Striking light, that bodies whose properties are most alike, man- 
ifest the least nttraction. It will be shown hereafter that ma- 
ny of the gases, a^ oxygen, chlorine, iodine, &c., are very 
much alike in their properties ; these bodies have far less 
attraction for each other than they have for hydrogen and 
the metals, the properties of which are totally disHimilar.C) 

(3.) As a genereu rule, simple bodies unite with simple, and 
compound bodies with compound, 

(4.) All solid bodies which have many pores, and eonse- 
gvaitly much wrface, attract fluids and gases. A piece of 
charcoal the aize of a walnut is intersected by many hundred 
partitions, which, if they could be placed by the side of 
each other, would cover a space a thousand limea lareer 
than the piece of coal itself covers. The force of attraction 
of this large surface is so powerful, that the coal can absorb 
from 80 to 90 times its own bulk of many kinds of gaaea. It 
is very probable that these gases, by this compression into 
80 or 90 times smaller space within the coal, become fluid 

(5.) Affinity lakes place otdy helieeen the minvie particles 
ofl/odies. Two bodies which have a strong afBnity for each 
other will not act on one another while in the solid mass, nor 
even in a state of fine powder, except in a few instances. If 
one of these be in solution, the action will take place readily, 
but it will be moat vigorous when both the ingredients are 
in solution. Minute division, therefore, favors the action 
of affiuity; on the other hand, cohesion opposes it,(*) In 
some cases it is sufficient to heat one of the solid bodies till 
it softens ; thus iron, surrounded with charcoal and healed to 
whiteness, is slowly penetrated by the charcoal. 

(6.) Affinity takes place not only between ttca, but also be- 
tuteen three, four, or any number qflodiea.{') 

M. What U Ihe finst law of chemical sffiniiy t Whente ii Ihia [aw ilerinid T 
Whalinlhe second law of sffinily ? How is the converse of thii propoailioo 
i 1 W)iat n 'he third law of alEnilj T Is thii Uv uimens^X— Knft. 
e are tome eicepiioos, bol il is Inie in the great naJQiiV! ot ebs«». ^\iA 
jStiutb U<r oT i^ail/ f Wiist einmpls is given 1 W\tUi>>:tw &^):b.\K« 
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(7.) The fompounilt formed hi/ uffinity pot»e»» new proper- 
tie», different from tfioae of Oie- tonsf'tuent boditi. Almost 
all BuliBtancea we meet with fumbh illuatratione of this Inn', 
being very liifferent in ilieir oature anil appearaDces fnitn 
the elements of which they are composed. Water, our only 
safeguard Bgainsl fire, containa the most inflammable of all the 
elements united to the greatest sunparier of combustitm ;— 
to a body in which even iron ana other meials bum with 
great energy. Our table salt is compoeod of corroBive and 
poisonous ingredients, and the same elements that form nitric 
acid, which will destroy the firmest parts of the body, form 
also, in another proportion, the atmosphere we breathe. In 
preparing medicmes it is unsafe to infer that the compounds 
will possess the aggregate virtues of the simples, since by 
the action of affinity, the most harmless elements soroMimea 
form compounds that are corrosive and poisonoira, while 
others that are most corrosive aud poisonous render each 
other inert and harmleas-C") 

(8.) Biidiei have different degrees of affinity for each other. 
This principle is implied by the second law already g^ven. 
It is introduced under.this head for further illustration, and 
on account of its relation to the laws which follow. 

In some cases the elements of a compound body are so 
Blrongly united, that they can acarcely be separated by 
any means in our power j in other cases the union is so slight, 
that it is easily overcome, and sometimes even a spontane- 
ous separation occurs. Between these extremes, attraction 
exists in many different degrees of strength. Upon this lavr 
depends the whole art of decomposing bodies ; for when two 
bowca, A and B, are united in a compound, we have only to 
find a third body, C, which Iieib a stronger attraction for one 
of them than they have for each other, and it will effect their 
separation, and we shall have a new compound which may 
be represented by A and C, B having been excluded. 

The foregoing is the simplest case of decomposition, A 
more common mode is that called dovUe dccontpoxitioH, A 
is composed of two elements; Bis also composed of two; to- 
gether there are four elements, and these elements act on 
each other independently nf their previous relations to iha 
compounds A and B, If numbers 1 and 2 belonged to A, 
and numbers 3 and 4 belonged to B, then 1 of A will take 

of nffinilr! Menlion game einmplcs. Whm is tha siith law !— (evenlh 1 

WhslMunpUsaregiren; Whmialhe dgfalh Uw ! WhuL iaaaidlheslrenglh 
araffinily in some cnscs ! How wEnk is JL inulher Ir.BlHiicet? W hal dependi 
Bfioatbie lair t How is thia illaalcalEil t Wbw, AWwoilVdu ot iwMaiBeQot 
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f B and form a new Bubstance C. And 2 of A will 

f B and form a new substance D. We have iherefoi 
the foUowing formulas ;—a(/M(H-2=A; 3+4=8: 
double dfcompotUion, 1 + 3=C ; 2+4=:D. C and D ar 
tirely difTerent bodies from A and B. 

Dowhle decompotitiom prevail tehere timple deeompott 
could not be effected. Thus, in the last example, unless the 
elements which we have numbered 1, 3, 3, 4, were all pre- 
sent, in most case!', no decomposition could be effected. It 
would appear tliat if 3 were uncombined with 4, or if it was 
bound by no affinity whatever to 4, that, being free, it would 
act with more energ'y iu decomposing the compound l-(-2or 
A, than it would in its combined slate. But thia is not the 
fact. When united to 4 it may effect the decomi 
1+2 when, separately, it would not have aiterea this coi 
pound.'C*) 

(9.) JVhen a body, A, combine) with different quantitiet 
another, B, all the kigha- proportiant of B are in a simpler 
tia to the lowest. Thus if there are several combinations o^ 
the same bodies, A and B, and if in the first the quantity of A 
be just equal to that of B, then in the next higher it will bfl; 
just tvrice, thrice, four times, &c., that of A.{") 

(10.) The most important law of Chemistry is that whii 
is calledthe law of EQUIVALENT PKOPOBTION8, Itmaybethi 
stated : When a body. A, unitet teilh other bodies, B and C> 
the proportion to which A unites with B and O, will represent the 
proportion in which they will unite tcit/i each other. Thus, hy- 
drogen will unite with carbon in the proportion of 1 tu 6, 
and with oxygen in the proportion of 1 lo 8, Therefore 
carbon and oxygen unite with each other in the proportion 
of 6 to 8. 

(11.) The preceding law relates to simple bodies; the law 

• Thi« may perhaps ba aciounled for in Ihe fpllowing way. Upon (be com- 

Ihn of sTor I lo rorm Iho new conipounSl+S, or C, and ihat of 4 for S.lo'fbnii 

A, or the compound 1+S, and this evidently with greater power than either the 
aHractioDofSfor I. or 4 for 2 aeparaiely, and ihewfore a decomponilion is ef- 
fected by the united, wbirb would not hare been elTecled by the aiogle aiirac- 



poNlion ia given T How do Ihe new compounda, C and U, conipnre with ihs 

11 Ihia illustrated t What is llie ninth law ufaSnity I Uow in thia illuaim- 
[•HI Whalis the tenth Isw of sJlinity oalled! Stale this law. Kawwlti>> 
lied ! What ia the law of eumliinalion Col eompouni b>Aieft\ '«\>'A 
T Wbtt is diepoaiae affinity ', WhU ra mewii. \j-S V-'ne tt»»^ 
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for compound bodies is the followhiff: Add together tkt 
numbers corresponding to the de me n t a rf tho eampoftmd body f 
the sum will represent theproportion in tehieh the com^paumd m- 
tere into combination. Thus common sak is a compound of 
chlorine and sodium. Chlorine combines in the p roportion 
represented by the number 35. Sodium combines in the 
proportion represented by the number 23. Therefore the 
compound of chlorine and sodium, that is common salt, com- 
bines in the proportion represented by 35+23, or by the 
number 58. 

(12.) A peculiar chemical action is produced by certain 
bodies which is called disposing affinity, by which is meant 
that affinity which exists between two or more bodies in eonse- 
qmence of the presence of another body. 

(13.) Affinity often takes place between bodies when fint 
set free from their combinations by decomposition, whea 
under other circumstances it does not occur. This state of 
of bodies is called the nascent state.** 

* Latin, na$eeiu, aritiaf. 
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. A vast field opens before us when we leave the ^ 

£le8 of Chemistry, for the consideration of the chi 
_^ itions and agencies of particular bodia. Every ohjt 

m the material world is to be explored. Without, thereforo, 
a method of great simplicity, this immense maas of facts and 
details would be a labyrinth of doubt and obscurity. But 
here, as elsewhere, the simplicity of the laws of nature is 
most apparent where the greatest complexity might 
expected. By a few laws of numerical exactness anc 
plicity, and by a few bodies which have not been decom] 
and are therefore called elements, all the objects in 
are formed, and combinations produced without number. 

98. The elements, or simple undecomposed bodies, are 
Gl* in number, and are divided into metals and non-metallic 
substances. The relations of the non-metallic substances are 
more eictensive than those of the metals; we shall therefore 
consider these first. The following is a list of these Bub- 



~ , S^ ' J. Or^uraog'CTM. (Components of organic fort) 
jparbon, J 

e four elements make up, almost exclusively, t 
i objects, both animal and vegetable. 

Pyrogens, (Fire producers.) 

lents are distinguished by their easy combut 

Parhspi 63, including norium and ilmenium. 
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How manjr elements * 




The relations by which theae bodies are arranged un- 
[ der the four clasBes given above, arc tliose by which they 
are best distinguisheil frum each other, although some of 
thea6 bodies have other rdatioiu of et^ual or greater impor- 
tance than those upon which these distinctions are founded. 
This ia especially true iu the cose of the three first elements. 
Ill Of these, oxygen and nitrogen form the atmosphere, and witt I 
i^H be considered under that head ; oxygen and hydrogen SotK^M 
^^K iratBT, and will be described under that subject, l^^l 

m^m - Tins ATMOSPltEItE. ^^H 



I 



_ _ , Two transparent fluids form the atmosphere, — oxygen 
and nitrogen. They are called gases ; that is, they are ptr- 
manently elastic aeriform ^fi-kidg. Many other bodies are 
elastic, but gases alone are permanently elastic, for the; 
alone retuxn to their original voiunje when the comprosaing 
force is removed, however great that force may be, or how- 
ever long continued. 



100. The first aud most important of all gases, is oxygen. 
It ie never found in a separate state, but is combined with 
Rereral substances, from which it is obtained by the apj^- 
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cation of heat. The mnet convenient of these substances ii 
c?ilorale of ptitnxh. Tlio jirocess la represented in Fig, 35, 
A glass flask is tilted with a l>eut tube pasaiiijf ibruugh I 




cort. Tbis tube conveys ibe gas beneath tbe moutb of an 
inverted jar.(^^) An ounce* of cblorate of potash, antl 4S 
gT«. (^ part) of black oxide of manganese, are well mixed 
and put into the flask. The heat fiom the lamp beneath 
soon drives off the gas and displaces the water from the Jars, 
until, from a small quantity of tlio salt, quite a number of jars 
Bre filled wilh oxygen very nearly pure, A thin metallic cup 
is placed beneath the flask to protect it from Fusion ; but this 
should be quite small, oihei-wiae it will conduct ofl' too much 
heat. A little sand is usually placed in this cup.('*) 
Chlorate of potassa consists of 



f Oxygen ^ 

( Potassium (metal) — 



in this cup.( ' * ) ^^^J 

...„, jl 

- chloride of potassiud^^l 



Properties. Oxygen is colorless, and has neither 

or stnell. It is heavier than air in tho proportion of 

L to 10. It unites with all the simple substances, or ele- 



^^E * A larger qnantitr. u (i>e oanccs, is mD 
^^^n^ ''>" proceos hu been acquired. 
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«." and with a vast number of com[>ound bodies. It 
tlit!ri:fi(re coiuiilutes b large portion of the earth. Water 
MintkiiM 89 per cent, and atmospheric air 23 of its weight of 
oxygen. Common water will not perceptibly dissolve raj- 
gen, )>ecause it already holds a quantity in solution ; but if the 
uiator j» preriously boiled, and then allowed to cool in a 
cIo«e VGseel, it dissolves 3} per cent, of oxygen. 

102. Oxygttn is that constituent of air which tvpporU 
animal lift, and ye> in a pure state it ia deleterious to life. 
Ifan animal, as a mouse, be placed in a Jar of oxygen, tia 
will live four times ks long as he u-ill live in ajar ol equal 
cftpacity rontaining common air. This is not because oxygen 
is a better supporter of life ibnn common air, bat because 
the oxygen of the jar of air is sooner exhausted than that 
oflfaeouier which contains pure ox3-gcn. If the first jar 
were supplied with continual portions offr^h air, the animal 
would live ; but in the second jar, with fresh portions of 
oxygen, it will die in a few hours. This gas ia too exhilara- 
ting, and needs to be diluted, as with nitrogen ia commcai 

103. It is sometimes used to resuscitate life. Men and 
animals have been resuscitated by oxygen, when all other 
means of realoring life have failed. 

104. Oxygen is that constituent of air which enables it to 
mpport eo/ithujtiojt. This is proved by the fact that the 
products of the comliustion of all bodies weigh more than 
the bodies from which they were obtained, and this increase 
of weight is exactly that which has disappeared during the 
process. Combustion, however, does not usually take jiaxe 
by mere contact of oxygen ; heat, light, electricity, ccan- 
pression, expansion, contact with platinum or certain other 
metals, or with a body already in the process of oxtdotiooi 
must be employed, according to circumstances, to produce 
this combustion. When once commenced, tlie action goes 
on usually with great energy, being suppoif ed by the heat 
generated by the combustion itself. The temperature re- 
quired to produce the combination of any substance with 
cxygen, is different, not only for different substances, but 

'EiceptfluDiine. 

lf>l. Menlian tome of ttie pnpertiesDr nxygen- 

1U2. Wtwt i< uid of ihe leiatuia* af ai^g^n loaDimil ViStl 

km! WbBMi»idarihflreUli<)aaaroiyaenLoeaniUui.[iant WhMmaMbt 
cinployeil to commence the eonbudioD of * bodjr in oiygen ! In nhUwn 
doe* cwnbaatian costiaue ilseU! WhU UmauXb] i\tni caabaMiaiit — tipia 
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n for ihe same eulistarce, — in iho latter rase producing 

) iliatintrl Idntls of combustion, one called tlie slow combus' 

ee thai of phoBphonis at ordinary temperatui*e8, nnd tlie 

r tlie rapid fombustiort, aa that of pLosphorus wlien igni- 

Charcoal also burns slowly below a red heat. Sln,w 

nbustiun often passes into rapid combustion, ae when 

Mphorus is dried on a. piece of filler paper and placed on 

tton. Fires in ships and maiuifactoriea have eome- 

irigtnatod in this way, from the slow combustion of 

or low moistened with (JL Charcoal, when heaped 

tes, often takes fire in lhi« way, and the explosion of 

rder mills baa been produced from this cause. 

,05. The energy with which pure oxygen can support 

ibnstion, may be illustrated by a varieiy 

pleasing experiments. Pig. 36 repre- 

ts the method of burning iron in oxygeb 

. A wire is terminated by a match of 

jhur and thread. This is lighted and 

wed lo bum for a short time, until it 

a heated, and then, while a little firo 

the iron, the stopper i 

Eiilly removed, and the wire let down 

» the jar. Instantly a bluo fiarae is seen, 

ch is that of the sulphur. As soon as 

is burnt off, the iron tsfces (ire, and 

with the most splendid scintillations. 

bules of iron will be thrown off, which, 

ollected and weighed, will be found to 

more than the iron which was consumed, i 
' ""ygen which has combined with them. If the 
eriment is made in ajar, standing- on a plate, the fused 
mles melt into the plate, after falling through 8 strotum 
iraler half an inch thick.('*) 

, Oxides a»d acids. All the compnnnds of oxygen are 
oxides or acids. Acids are churactcrized by pecu- 
'properties, which will be described more fully hereafter. 
f are generally known from their sour taste and their 
ciilng vegetable blue infusions. Oxides are those com- 
nds nf oxygen which are not acids. Thus water, in 
nical language, is an oxide of hydrogen, because it is 
ipoaed of oxygen and hydrogen (87.), and does not pos- 

[imples of Blow conil>ii!il]oa pfiuing into ntpid 

! Ihc (-■(impounda of oj^jeo Si^iiei^ l:\wn »» 
7 




■Maeijpwyeitk*. Tbe oxide* are klao mbdmtied accmrd' 
iag u IM profMKliaB oloiygtn wfaicfa tbey contsiii. JV»- 
tttUt » Ant oxide wbi^ codI&um one equiialeDt of oxjgen 
■■d MM of ibe huMt witb which it is combtDe^ In MMne 
C^aes ■ anaUer pToponina of oxj'g«i combines with the 
hmae. Tbew ooniponnds sre caDed suboxides, by which i« 
■Hiat iboM osidea wbidi bav« leoa oxjgen tbon Unt which 
b cafled ibe fn< axfint oxide. Dtutott^ cootaiDs twice u 
andl OKnAB h die protoxide. StMqumide (Latin tttqui, 
•■ft md ft ratf] >• kaifiBay between protoxide and deulox- 
idflu 3V>(»g»d« ia lbs tltird oxide, cootaininff three tiine« u 
nocft tncygen u the protoxide. Peroxide (LfttiQ p^, which 
iimiArm ooiBplBteDeH) b the higkett aztde, whether llial be 
ifae aecmd ^tfaere are onlj two, the third if there areanlf 
ifaroB, or tbe fourth if there are only four. This ia aloo dh- 
■Ity appHed (o the highest compound of osygen which doa 
not ponew itromgly marked acid propertips. 

101. While the oxides arc thus disdnguiabed by prefixes 

the acids are distinguished by affixes or additions. The tm 

terminations, te &Dd oti-i, are used to distinguish acids. aM 

denoting the smaller propordon and ic the larger. TluA 

I nitric acid contains a greater propMirtion of oxygen th&a lU- 

|. troiia add, and sulphuric acid than ealphurous acid.(^ *) 



108. If we withdraw the oxygen fi-oin a given portioii cf 

air, the residue is nitrogen. A piece of phospborw 

. „ abouttheaizeofafmall peaispWiedup- 

little saucer of tin or iron, and diu 

a float of cork or wood. It is thjen 

n fire and instantly a jar is inverted 

Ihe burning phoBphorus (Fig.37.) 

("). Tbe phosphorus will consume tba 

oxygen of the air beneath the bell glSM 

and the water will rise. By the cmd- 

of the phosphorus, pborohcnio 

formed, which is absorbed faydM 




but nitrogen. 



) jar, aud nothing 






•eidi ginrnlly known ( Whi 

— ■Ulwiide !— deutoiidH I — ae 
107. la what tniinner are IC 





Phwplionis. 

109. Nitrogen is found in a free state in the air bladdera 
of fish, and m other cavities in the bodies of animals and 
■vegetables. I13 propertioa are chiefly negative. It does not 
Mipport combustion (" ), or animal life. A mouse placed 
in ajar of nitrogen dies almost instantly. It is not poison- 
ous, however, tike some gases, but it destroys life by suffo- 
cation. It has probably the greatest affinity for heat of all 
ponderable bodies, and by this strong aiBiiiCy for hci ' *' 
compounds are easily decomposed. The nitrogen is c 
gaged in the gaseous form, often with such violence as 
produce explosion. 

110. Nitrogen is very widely diffused in nature, particu- 
larly in the organic kingdom, for we find it, in all plants and 
animals. It is an essential constituent of the animal tranie.( > " ] 
It is, therefore, abbndantly contained in the food of all ani- 
mals. The following table contains the proporiiou of nitro- 
gen in some of the most common articles of food. 



Rice, 81. 

Potatoes, 84. 

Turnips, 106. 

Rye. 106. 
Whltebread, 100 to 125. 

Milk, S37. 

Peas, 239. 

Beans, 320. 



Eggs, (yolk.) 305. 

" (white.) 345. 
Ham, (raw,) 639. 

" (boiled,) 807. 

Mutton, (raw,) 773. 

'■ (boiled,) 852. 

Beef, (raw,) 880. 

" (boiled,) 9*2. 



111. Nitrogen is somewhat lighter ll 
and, of course, lighter than oxygen. Still it is diffused 
throughout the atmosphere in every part, although no 
chemically combined with oxygen. This principle of thi 
diffutimt of gases, may be illustrated by the following ex 
perinienl : — Two flasks. (Fig. 38.). are connected by 1 
tube passing through their corks. One of the flasks con 
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W. uitu nxygeu, aiitl ilu? utlior iiitruceii, WbenphiniJ 
■w repmwiiieil iu (lie Ggun), ilw Tiearier gas, ur (ttj- 
gtnt iu ilie lower tliuk, and die lighter or iiitrugou in 
ibc upper, aticr remaiuing a day or two, tbe gSfW 
til boib will be ftitiTiil alike, or, rdilier, eacb flask inD 
be tbunil to contain a mixture of oxygi^n and niUw- 
g(;n. Id ibis case, tbe nitrogen, tliougb the lirbter 
gas, has descended tVoin the upper (iank Uu'ou^ the 
tube tuto the lower, and the oxygcti has ascended 
through the tube into the upper flask. This propeitTi 
which gases posses of mingtiog with each other, not- 
witlistaiiiling their diflereiice of specific j^vity, is called tbe 
iiffntion ^gaaea. It ia a principle of the first importanw, 
and will therefore be explatued more fully hereafter, when 
llie diflereot gases arc kuowu. It is owing to this piinemkh 
thai the gaaes which make up the atmoaphere, are fcMina IB 
■very part of tbe earth, both on the highest mouniaiss and U 
the deepest mines. Besides pure sir, which is composed of 
oxygen Eind nitrogen, in every part of the atmospbete two 
other gases, carbonic acid and ammonia, with watery Ta|MA 
■re fuuud as leading constituents. 

112. The atmoiplurt surrounds our globe to the height of 
■bout forty milea, and far beyond this height it has been 
proved to exist in a stale of extreme rarity. It is the breath 
of life to animals, fur no other gas, or combination of gaaesi 
is adapted to tliis purpose ; it is equally necessary to planU 
which absorb it, and the gases of which it is the rebicto. 
By respiration, it acts upon the blood of animals, rcnewiog 
perpetually its vital properties, and through the leaves « 
planta it perfects the sap and renders it suitable for thear 
nourishment. No animal, however low in the systetn of 
ation, has been found without the means of introducing 
freely into every part of its system. 



113. Water, when analyzed, has been found to consist of 
two volumes of hydrogen to one of oxygen, and eight of 
oxygen to one of hydrogen, by weight. The method of 
analysis by galvanism has been described (87). The fol- 
lowmg is aiioiher method : 



Jfipliin Pis. 3^. What i( mnnt by Ihf liiiTuitc.n a{ v 
Hdw fat alwx! liiB EHrth Soet Ihe stmuspLii^nt eitcni 
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L gun'bBiTel, (Fig. 39.), U made 



Itii 



scteil a' 




I with a retort bolding 
^e water. When llie gun- 
Vrel has become red hot in 
} furnace, heat is apphed 
leath the retort by a lamp, 
e vapor comes through 
f gun-barrel, where it ia "" 
wmpoeed by the ignited surface. The oxygen unites 
li the red hot iron, and the hydrogen isauea from ihe end 

B gim-barrel. 

L porcelain tube may be used instead of the gun-barrel, 
ia loosely filled with iron turninga, which, when red hot, 
>rb the oxygen, and their increiue in weight tcill thou 
amoHut 1^ oxygen absorbed. If the experiment be accu- 
Hy performed, it will be found that eight times as much 
Egien, by weight, has been obtained, hb hydrogen,(»') 
pi 4. At a very high temperature, water is decomposed, 
;n a small portion of water is thrown on an in- 
lely hot fire. Water thrown on a large quantity of bum- 
' IT increaaes its combustion, and the same effect is pro- 
1 in large fires, where water thrown from engines in- 
B the rapidity and energy of the fire. If a ball of pla- 
_ a of the size of a large pea, with a wire attached to it, 
ilteated to bright whiteness till it begins to show signs of 
, and then plunged into hot water, minute bubbles of 
gas rise with the steam, which consist of a mixture of oxy- 
gen and hydrogen. 



TheiffntkeaU {*.} of 
Water may also be perform- 
ed in the following manner. 
Put into one of t£e retorts 
in Fig. 40, some chlorate of 
poigsh, and apply heat be- 
neath ; into the other put the 
Ogrcdienta for making hy- , 
drHgBogafl(116.) Tiesc 
platinum sponge to a v 
rf the same metal, several 
times coiled around it ; heat this 



Fig. M. 




,l^E\iwm^n^2^ 



tt« mixed 'gnata in ilio jar. a. au iliii tbe liTilmgcn lUl 
Mow tqioa oni! «iilt-. aniJ tlif: oxvgco upon ibis otlier aitf 
^ espUkUun will eiiitu(«, after which tlie gases will bm 
anure i]utMly. Thi- plaliimm epon^ will glow vnUi Ai 
hteiuiiy of tlii.' heat, ami. hy the union of the gases, mUer 
Witl be furmetl. ami will Ikj deposiied oa the inaei sat&et 
«f lbcjar,a.(»') i 

The sslue effect may lio prodnrci) by bomin^ a jei^ 
iydrogpn gas in n lull gliUH tulie. Water will be tonned m ' 
too iiuiidcuf tbo tube, by tlie union of bydrngen and tbeoiT- 

fen of the nir. Water is iliert-fore composed of oxygen and 
yilrtigen, as is dotermiucd by both aDulysis and synlhe«ia. 

iivnnoflEN. I 

IIG. Ilyilrogon is never found in a free state. Fotfto ' 
|iuTpui*c« of experimeni it 13 always obtained by deoxidixi&f 

•i-i..- ._ .[|g vapor of water throitgh a red 1 

ron tube, tbe red hot surface ab- 
sorbs tbe oxygen, and tbe bydrngen 

s from tbe end of the tube A 

t common method of obtaining 

hydrogen ib represented in Fig. 11. 

ITie flask, f, is provided with a lieiit 

^ tul>e, f. which descends through tbe 

cork into the flask. The cork is fiml 

taken out, and ft few small piect« <if 

zinc are placed in the flask. Upon 

. llieee, dlluicil sulphuric aciJ is poured. The &aek is now 

Lclosed with the cork, and tLc gas comes over at tbe enil of 

'he bent tube.(") 

The flask contains 




Water ( Hydrogen- 
Zinc '^Sen\^^ 

eulph. acid. 



— HvBROOE.V. 



-^sulphate of zinc, soluble salt.* 



sflit." 'I 



.... .ihydrc.g«Be.„f>>.iDdin.rree«Bile? How ii il nlwiy.oblaiiied fo. 

rd«<r betwKD «bnl wo mUunee. i. the. *™r. «tioS t 'wot dofi >.M 
™i bydrogen fniin wsleri Why ir ■> ' - • 



i^tul is menntby diipnsins sflii.tiy f" JJ^ra^p!' 
>a of hjtln^eB ly lacnaaios llie affimiy o( ilu 









n the diagram it is 
5 hydrogen is betwi 



vident that the direct action 



nthe 



r and the i 



r drawing away the oxygen frnm the water, 
i hydrogen free. But without the presence of sulphuric, 
oi/ier acid, the zinc almost instantly bccomea coatej 
oxide of zinc, and this coating, being insolubls u^ 
reventa all further action until the acid ia add^H 
ssolves it, and thus leaves a. bright surface of z^| 
e renewed action of ihe water. ^H 

it besides this agency of sulphnric acid, itapretence sn^ 
ilitates the process by disposing ajtnity (p. 64), for if acid 
t present, a piece of zinc, however bright, or even 
heated, will not become oxidized, or, in other words, 
S not produce tlie decomposition of water by withdraw- 
ixygen, until afler a long time, and but to a very 
nl] extent. That the hydrogen is not derived fi'om the 
bhuric acid, may be proved experimentally, by adding 
^entrated acid to zinc, when no action will take pla^H 
[ this will commence when water is added. A lonH 
Lntity of water will bo required to produce the greaC^f 

17. Hydrogen is a colorless gas ; as ordinarily obtainad 
s a smell slightly fetid, but when passed through lime 
, and afterwards through alcohol, it becomes pure, 
len has no smell. Like nitrogen, it is hostile to Ufi^ 
B not poisonous, and takes away life by suffocation. ^H 
t \a the hghtest of all known forma of matter. W)^H 
' ' , as it may be without injury if pure,' it gives to ^H 
peculiar shrillneHS.(^*) It produces, after two ffl^ 
IS, disagreeable sensations, with a loss of muscular 
It combines with a large number of substances, 
ny of its compounds ore of great importance. It is 
les employed in inHating balloons. Soap bubbles, 
Isted with hydrogen gas, ascend like balloons. To intlato 
p bubbles, a bladder, furnished with a pipe and stop- 

1 employed. The pipe behig dipped in a solution of 

■oap, a gentle pressure is given to the bladder, when the 
bubbles will be formed, and finaUy rise from the pipe rup- 
jdly to the ceiling-(*^) Musical tones are produced when a 



• It is generally Bufficienlly p 
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TC KLKMENTS OF CttZUtVm. 

small jet of this gas is burned in b glass or otber tnbe. 
These tooes are also produced b; several other gaan. 
They are probably caused by a series of explosions, vrbidi 
succeed each other rapidlv, as the flame nearly goes oni, 
sod relights in the tubt'.{**) Though highly inflammable, 
hydrogen is not a eujiporltr of combustion. Ita inflam- 
roability, and, at the same 
lime, the fact that it extin- 
guishes the combustion of 
bodies introduced withm 
it, may be shown by the 
following arrangeroent A 
bottle, o, (Fig. 42.) is pro- 
vided with an india-rubber 
i tube, which conveys the 
gas to abell-glasa, b. Thb 
bell-glaaa is held in the 
hand, and the hydrogen 
allowed to drive out ihe 
air, which it does by its 
greater tightness, fiUiiig 
the bell-glass gradnaSy, 
from top to bottom. The hydrogen is now set on fire by t 
candle at a bottom of the jar, which goes out ittelfat it aUen 
the go* within the hdl-glaii, InU ii relighted at the mouth at 
it ia draim out again.[^'') 

118. Hydrogen explodes when mingled with the common 

air, and more violently when mixed with oxygen gas. The 

mixture may be made in a slroug brass cylinder, or pistol a, 

(Fig. 43.) A cork is inserted at c, and the 

Vi(*3- finger held over the small orifice J. On 

removing the finger, and instantly apply- 

\ ing a match, the mixed gases explode and 

/ dnve out the cork. The gases are mixed 

in the proportions of two volumes of hy- 

) of oxygen, or in those proportions in which 

o form water. ■ 

t intense heat, except, perhaps, that pro- 
\ made by burning hydrogen with 




impounds I Fni h 



)lci be inflUed with hvdrogea t Hi 
bydrogen ? Kiplain t'lg. 42. 



'Employed t In 



« a\ oijgEii K0& Vl^nfitB 



^ygcn. By tljis metlioi], llie Drummimd light, and the 
) of the cmrijtoiind b/aicpij/c' are proJuc^ed. The lul- 
TWT causes the moat intense heat whiub tne chemist can com- 
mand, and in a space nut greater [lian that occupied by the 
_, Same of a candle. 

^_p420. Water U a cltemical comhinatioft ; air it a medumicaf 

^^Bipliire. In air, therefore, the peculiar properties of each 

^^B|tipo»ent, oxygen and nitrogen, are to a certain extent 

^HBeeerved. But in water, the tiecuHar properties of buth 

^^Hygcn and hydrogen are entirely lost. Oxygen ia iho 

greatest of all tiupporteiB of conibuation, and hydrogen the 

moat inflammable body; but water ia used for extinguishing 

fire, and, therefore, is neither inflammable nor a supporter 

of combustion. Oxygen is exciting and aiimulailng to the 

vital procosfles; watery vapor, if mhaled, would produce 

death by suffocation. 

121. Some of the loading properties of walrr are the fol- 
lowing. When pure, it ia a transparent, colorless liquid, 
which has neither tasto nor smell. It boils at 212°, al- 
though the temperature of the boiling point, depends on 
the degree of pressure upon its surface. Under a vast pres- 
sure, it has been found to undergo a xlight diminution of 
volume, amounting to 55,35^ part, for a pressure eijual to 
that of the atmosphere, or IS pounds to the square inch. It 
cannot be found pure in nature, but the purest water is 
obtained by meltnjg freshly fallen enow, or by receiving 
run in open vessels, at a distance from houses. Even this 
w^ater is not absolutely pure, for, if placed under the ex- 
hausted receiver of an air pump, bubbles of gas escape from 
it, and this gas is found to contain much more oxygen than 
common air. It also contains more or less of ammonia, 
which it absorbs Ii-om the atmosphere. All common water, 
sinking through the earth, and running beneath the surface, 
becomes charged with earthy and saline matters; hence, to 
obtain pure water, it is necessary for the chemist to distil 
th ia water. The xo/Ecnt poolers of pure water are, in some 
IHes, greater thau those of common water. 

• Thess will be fl™crilipd heieRfl*r. 



I. Wbiit ii «wd of iliH nmure of iha combiniilion of the elempnls of wBicr 

pared with Ihiwe of air? In whui rBspeoisdo the pfoperti« of w«ler dif- 

I IbOU of iLS (lampDnenls ! Why dotni air |Msac8i luanj oF the proper- 

.ti coin^onriiu ! Ans. Ueiiiiiue una mecluuiiuiil miitiin imJ nut a 

r„jal Mmtuoktian. 

bl. HentioD some of the leading pmpprriM of wKlci. WW\svVe eSecX^ 
' I prensura npuo Hafec.' Is watpt fuunil pMte in naWiro '. Wow "1 
■ ■■ —-J' ;«i*aiei-iiiusubuui.eilaliBU\uVj\y pwal 'W^wX >»«»»» 



The cliemica] nropertiea of water are of the greatest un* 
portBnc«. Its solvent powera far exceed those of any odxK 
uody. It absorbs gaseous bodies, and holds in solation solid 
aubslancot, acids(^^}, alkalies, and saltg, white it does sot 
alter tbelr properties, or is neulrat to &11 these bodies. Tbeoe 
ftolvent powers are, generally, increased by heat; but in a 
few cases, as in the case of common salt, cold nrater laol^s 
as much in aolulion as warm water, and in a few instancei 
also, its solvent powers are greater than those of warci 

122, The purposes which water serves are numberleas, 
and of vast importance. All the tribes of the vegretable, 
as well as those of the animal kingdom, are nourished by 
water. Though perfectly inodorous in itself, watery va- 
por ia the medium of the sweetest perfumes, and there 
la no bloom or beauty in nature, without the presence of 
water. Even the sky has a deeper blue when the atmos- 
phere is fully charged with moisture, and sun-light and star- 
light are much more intense before and after a shower of 
rain. In southern latitudes, where a warmer climate pro- 
duces a greater amount of watery vapor, the beauty of^tlio 
sky by night, and the brilliancy with which the sun Bhines 
by day, are unknown in more northern countries. 

The health of large and populous cities is dependent on an 
abundant supply of water ; as a detergent, as an absorbent 
of the most deleterious gases, as a powerful mechanical agent I 
I in the waterfall and in the form of steam, water is applied to 
a great variety of purposes. It is the most indispensable bev- 
erage to man, and to all animals that inhabit the earth ; it ia « 
solvent of a groat variety of bodies, and a constituent part g£ 
many ; it is a medium of chemical action, and its presenceU 
necessary in a great variety of cases. The crystallizatioa oE 
bodies rarely takes place without the presence of water, so 
thtttthisisthesourceof the beauty of inorganic nature, as wall 
as that of the organized world.e") Its own crystals, in iho 
form of snow, are greater in variety, and moi'e beautiful in 
form, Ihan those of any other subatance. Neither earth not 
o populous with life as water, from the animals that 

Haw da the aolvrnt powrn o( pure i 

er! What Lb laid oflha chemiol pniperlioi 

leof the purpoBea >Ened !iy waiot! WhU etTeethu Oi 
upon llie color of tbe nky, and upon the ligbt of the *(ih «wj 
■aid of tba uppeiiraiicfl of the sky in sourfiira ta"^ ' ' 
What Dlhitr purnnes an served by tvnter! What relation hu ni 
e/yataiiiiiUioa at IxxJies ! How da ihe cijBUila o{ inow <»»Qf&t« ' 





n the pool or epring, to tliose that fill iLe walcii' 
B ocean. 
" "We cannot, therefore, too much adoiire a substance so 
beautiful in itself, so bountifully provided, and so wonder- 
fully adapted to the wants of man. " Wherever a spring 
rises or a river flows, there should we build alt: ' " 

■acrificea."* 



123. Tbia is the last of the organogena, or those elemenl 
which prevail throughout the animal and vegetable king- 
doms. Carbon is also largely diffused in the mineral king- 
dom, lis most striking peculiarity ia the different conJi- 
liona under which it occurs. Among these are, 

(1.) The diamond, which ia nearly pure carbon. It was 

probably fuaed at a high temperature, and crystallized by 

^^oyt cooling, from this state of fuaion. The figures benealb 
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nents | 




Fi(. 15. 



Fig. 46. 



Fit. (I. 




ne of the forms of the diamond. Of these, 
cube, Fig. 45. a regu/ar octahedron, Fig. 46. 
jnombie dodeca-hedron, and Fig. 47. an octahedron with 
■ faces rounded, or curved; diamonds occur of this form, 
metimes almost spherical. The diamond is nearly infusi- 
, but when exposed to the flame of a condensed mixture 
Egases, or the heat produced by a powerful galvanic bat- 
" aed. If heated without contact of air, it ia not 
n by a very intense heat, but when heated to or- 
dinary redness in a veaael of oxygen, it bums with facility, 
yielding carbonic acid gas. It is the hardest substance 
known. It is cleaved or split without difficulty, in parti 
directions, but can only be cut or abraded by the fragme: 






123. WhM ufi Hime of [be Bources 
nadtr which it la Tound ! What ii si 
jj^cnattilline Canon under wbich Ihe 
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powilpf of liie Jismon J itself. A very useful application of 
the iliamoiiil in tnmle b;,' thn glsr.ier, in rufting g-lass. A diu 
inimd htiviag the rounded octabedrat ti^ire, held with iu 
«dg^ on thct siirfnce nf glasH, and drawn oliin^ witli a gmde 
preaBiirt!, rauaoe a Rptit nr cut which penetrates tn a con- 
iddcrable depth into the glass, and determines its iractdre 
i*ith perfect cerlainty.(" ) 

(3.) Carbon also occur* in the vanoua fbrmB of ehareoal, 
anthracite coal, coke, kc. 

(3.) Plumbago. I'his substance has the metallic luBtrc, b 
npoquo, and so soft and unctuous that it is uied to dimitiuih 
the triction of machinery. Cryslals of plumbago or gTBph- 
ile ore not common, but when tlicy occur they have the 
figure of a short six-sided pri^m, — a form wliich has no gei> 
UCIriral relation to that of ihe diamond. This mineral U 
naed in lead pencil.s ; it is somewhat rare. The finest asd 
moist valuable is brought from Itorrovrdale, in the narlb- 
wostem part of England. It is fouud there in an irregular 
vein, traversing the alate beds. 

(4.) LnmpblaKk isa powerful absorbent of light and heal, 
ond jioRsessea a very strong affinity for oxygen, eometimeB 
taking fire apontaneously in the air. 

These aubstances, although ao entirely different from eadi 
other, are all composed of nearly pure carbon. They fona 
examples of what is called the aliotriyiitm of bodies. Bj 
this term is meant, that the same body exists in states or con- 
ditions which differ entirely from each other in tlieir appear- 
ance and properties. Substances could hardly be found 
differing from each other more than the diamond and char- 
coal, or lampblack, plumbago, &c. ; yel these substances aw 
all carbon, very nearly pure. In the diamond, carbon is 
trnnspareni and a non-conductor of electricity ; but in plum- 
bago and charcoal it is opaque, posseaaed of metallic lustra, 
and a good conductor of electricity ; and in tliese fArm^ 
therefore, it differs not only from the diamond, but Jrom the 
other non-metallic elements, which, like the diamond, are 
non-conductors of electricity, and generally transpaiant. 
The diamond is the purest form of carbon ; charcoal the 
next, plumbago generally contains a little iron, although 
tliia is sometimes no more than a trace. Lampblack is very 
nearly pure carbon. 
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124. Cborcoal may lie formeil, for the purpoeea of expe- 
Ttment, by plun^ng small pieces of wood beneath melted 
lead or tin, or beneath sand beated to redoesa in a crucible. 
By ihia process the volatile parts of the wood will be driven 
1^, aod the carboD or charcoal remain behiDd.(^') 

Iti preparing charcoal oa a large scale, piloH of wood are 
erected, which are covered with turf and luoietened earth, 
aod ihe wood is then kindled. This would be extinguished, 
however, for want of air, if holes were not made in difi'ereut 
parts of the kiln, through which fresh air is admitted, and 
the burnt air escapes. Only so much should be admitted 
as is necessary for expelling the volatile parts of the wood. 
When this has been accomplished near tfao holes, they must 
be closed, and new ones made at other points. At last all 
the openings are carefully stopped, that the fire may be put 
ouL When cold, the wood will be found thoroughly charred, 
^Ihe shape of the knots and the rings being still perceptible. 
^HUl the vessels of the wood are so perfectly preservea, that 
^^^^eo a section of the cliutioal is magnified many hundred 
^^^Bes by the solw microscajM, the structure of the wood 
P^PWn which it is formed is stQl visible. One pound of wo()^^^_ 
yields about a quarter of a pound of charcoal. ^^^^| 

Charcoal for the manufacture of gunpowder, is prepa^^^^H 
in cast-iron cylinders. The cylinders are placed acroa^^^^f 
L^fnmaee, and there is a small vent Icfl for the escape of ^^^^^ 
^Kblatile parts of the wood, but not su£Rcienl for free access of 
^^b. Alder, dogwood, and willow, are the kinds of wood 
^^fceferred in malung charcoal for gunpowder. 

Charcoal is unchanged by heat, when not exposed to the 
air. After intense ignition, it becomes hard enough to 
scratch glass and wear a file. After being ignited, it ab- 
Borbs the gases without alteration, and heat is developed 
during the process. Tbe snapping of coal when placed in 
tbe fire, is owing to the sudden expansion of the gases and 
vapors confined within its pores. If a piece of recently 
ignited charcoal be placed under a jar which stands over 
luercury, it will absorb many times its volume of air, as 
will bo shewn by the rise of the mercury within the jar. 

124. How tnar cbHccosllw fomutd Tor (he ptirpoie* of riperimsnlT Dra- 
eribe Ihe proceia of prpporing chatcos] on a Inrse d-ale. How much charPoal 
«n be made (roin n potind uf owid 1 Haw U charmal prPpHnd Tnr the niiuiii. 
faeliire uf pin po«ilei I Wlml kinds of vrnod are letecttil for ihis purpow t 

tIS. M'Oli.in iHiraeoflhe pfopfilieaof rhartoal. To YiW m vt« Binixisj™\ 
' ■ ' How mnj the powsmi teCRnfti itwijA 



ofcoal when [lUcpdon Ihe 
thitncaSioabBurbtirbetltowa b}' eiperiiBCDll 
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1S6. Ctarcoal is nnaltercd by air or moutnre. 
tree on the dial plates of atccplea, which are painted b 
often Mand out in bold relief, while the rest of tbe wood, 

E tinted while, ia worn away. This preserving power of 
lock paint is owing in the fact that cbarroal foims its basis. 
The bBBina of ihe theatre at Herculaneum were convened 
into charcoal by ihe lava which overflowed that city, and 
fur BevL'Diet^n hundred yeais they have remained entire, 
uid Blill present the appeaiance of recently formed char- 
coa].(") 

137. Charcoal has the power of absorbing the bad odon 
Bnd coloring principles ot moat animal and vegetable sub- 
stances. Tainted meat is made sweet by burying it in 
powdered charcual, and foul water in puriiied by b^ng 
■trained through ii.('*) The sirup of ihe sugar-cane is 
tendered colorless by being passed through sacks of aoi- 
■nal charcoal (bone-black), prepared by igniting bone8.('*) 
[ After being used for sometime, this charcoal loses ita dectir 
f 'funseing power, but regains it on being heated to redneao. 
I Charcoal is of great service in reducing melala from tbOT 
rtaxides. This it does by ita great affinity for oxygen, ^ " ' 
[ causes it to take the oxygen from the oxide and rediu 

rawtal-f") 
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126. The composition of bodies is moat conveniently ex- 
pressed by tymhoh of the elements of which they are com- 
posed. For this purpose, every elementary substance la de- 
signated by the first letter of the Latin name in capitals; or, 
where several names begin alike, by this and the most char- 
eeteriatk small letter in the word. The following table con- 
tains the symbols and combinmg nutabers of the organogeiM, 
The meaning of the term, combinitig number, is aoraewhat com- 
plex, and refjuires full illuslration to bo understood. It will, 
J therefore, be explained more fully hereafter, when many <rf 
w Ihe combinations of the gases being known, they may k* 
r employed in '" ■' 
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129. Sulphur is exhaled in large quantities from volca.nnea, 
either in a pure etate, or iu combinaiion wiih hydrogen; by 
condensing in fissures, it forms sulphur veina, from which 
the greater part of the aulphur of commerce is derived. It 
exists also in combina,tion with many motBls(*'), as iron, 
lead, copper, zinc, Sic, in rocks and mineral watera.(") 
Some plants also contain sulphur, and it ia found in all ani* 

~al suhstancea. It is a pale, greenish yellow, solid, with- 
[t smell, unless when warm or rubbed, when it gives off a 
lell unlike that of any other body, and therefore called 
! smell of sulphur. It ia very friable, a roll of it emits 
crackling sound, and eometirao3 breaks whan held in tho 
warm hand. It melts readily at a heat of only a few degrees 
above that of boiling water, forming a transparent and nearly 
^lorless liquid. As the temperature is elevated, the liquid 
■icomes orange-yellow and thick, and at 482'^ passes abrunl- 
H into a dark brown. At about 600° it sublimes, and the 
Eondenaed product is called the jJutoerj o/ *a/pAur.(*') If 
leatod for a time at this temperature, and then suddenly 
poured into cold water at a low temperatui'e, it becomes, on 
cooling, elastic like india-rubber, and may bo drawn out 
into long threads. By keeping for a few days, it slowly 
raturns tu its usual condition. 

130. Sulphur crystallizes in a very beau- ^'«- ♦*■ 

nfiil manner. Fig. 48 ia a section of a cru- 

dble, showing the form of this cryatalUza- 
tien. A large crucible ia filled with sul- I 
phur, placed in a furnace, and the sulphur 
allowed to melt very gradually. When 
all the sulphur is melted, it is romoved 
from the furnace and placed on moist aand. 
The top is alao covered up, that the sul- 





in llie surface, (his is uierced in b 
n opposite allies, and the molted sulplii 
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places on opposite aiOes, and the molted sulpliur poured nut 
Uimugh one of the openings thus made. That which re. 
tnains will be funnd bonutifully cnrstalline. The natre* 
nrystals obtained from Italy are sotnctlmeB two or three 

rhea in diameter. Some uf their fomu are represented in 

accompany iog figures. 
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SELENIUM. 



131. The range of combina 
■nd its compounds are very 
Gompoirnds of eulphur with eli 

bodies. SutphaUt are sails containing sulphuric acid ; tul- 
fhilM, salts containing sulphurous acid. Sulphur is of great 
unpoi-tance in the arts. It is one of the ingredients of enn- 
powder, and forms the basis of all kinds of matches. The 
moat important of the acids, sulphuric acid, is mad 

Iulphur. Sulphur is olso a valuable agent in medicii 
132. Selenium resembles sulphur m many of its proper ,___ 
It is brittle, and so soft as to be easily scratched. It softevt 
when heated, becomes semi-fluid at 212*^ and perfectly fluid al 
a Bomawhat higher temperature. In cooling it remains soft for 
B long time, and may be worked like sealing-wax and drawn 
out into long, elastic, transparent threads. Its afliniiy for 
oxygen is less than that of sulphur. When gently heated in 
I the air it sublimes without change, and does not take firo 
^Luntil more strongly heated, as by contact with flame. It then 
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Tm ELEMBKTa AND TBEIR CtfAflRXTTOlft. 

bums in the air with a reddish-blue flairie, and in oxygen g 
with a tlame which \a white below and bluiah-green abova!^ 
Selenium is one of the least abundant of the elementa, hut 
is found in minute quantity in several ores of copper, Bilver, 
lead, biaiDUlh, tellurium, and g^ild, in Sweden and Norway. 
It has also been found in the Lipari islands, associated with 
Bulphur, and is contained in the red matter deposited from 
fiome kinda of Eulphnric acid, especially ^ter the acid has 
been diluted with water. 
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PHOSPHOHUS. 

133. The most remarkable quality nf phosphi 
great inflammabiliiy.(*"') From its properly of 
liglit in the dark, by slow combustion, it derives 
which signifies " light bearer." The term piiospht 
which applies to a large class of bodies, has a similar 
origiD.{*') 

Phosphorus is almost colorless, transparent after slow 
cooling, and semi-opaque af\er rapid cooling. It may he 
cut with a knife," and the fresh surface has a waxy lustre. 
It fuses at 113°, and in the fused state presents the appear- 
ance of a transparent oil. Aflcr fusion it cools, if at rest, 
down to 97° before it solidifies, and when sohdlficatioa takes 
place its temperature rises again to 113". It boils at 550'^, 
and is converted into a colorless vapor. When rubbed or 
heated to about the temperature of^ 110°, it lakes fire and 
bums with great rapidity, emitting an abundance of arid 
fiMnos.{*') Ip oxygon its combustion is so intensely brilliant 
that the eye can hardly bear the light.(") 

Phosphorus has a variety of uses, but the most important 
purpose which it serves is in the structure of the human 
frame, and in that of all land animals. Phosphorus, in the 
form of phosphate of lime, is found wherever strength and 
rigidity in the animal frame are required. The internal 
bony poilions of the ear, where the greatest solidity is re- 
quired, are the densest parts of the skeleton, and phosphate 
of lime enters most largely into the composition of Iha 
bones. The enamel of the teeth consists almost wholly 
phosphate of lime, 

•Tfaii (hould be done under ■wai 
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134. The great nstural source of chlorine is common salt. 

{chloride of aodium,) of which it composes about GOpercnt 
nto a rotort are put 3 parti of salt and 1 of oxide of msn- 
ganeee. The mixturo is well shaken, and 3 parts of sot- 
phuric acid, previously diluted with 2 of watcn-, added. 
Chlorine Is evolved, and the extricatioo may be quickeaed 
by the application of a gentle heat. 
Into the retort were put 




igaoew, mIbUb aiiL 

135. This method of obtaining chlorine is largely used in 
D preparing this gas for bleaching linen and cotton 
goods, and rags for the manufacture of paper. On a nw/l 
teale, the following method will be found more convenicat. 
Provide a flask with a tube bent twice at right angles, and 
passing through a cork which fit3 tightly in a flask. Fratn 
the flask the lube passes inio a bottle, and should be of suffi- 
cient length to reach nearly to the bottom of the bottle. Into 
Ae flask put one part of black oxide of manganese, and pour 
upon it 2 parts of hydrochloric acid. The chlorine will lasoe 
abundantty, and may be received in the bottle by the die- 
placement of air. Towards the latter part, the process may 
tie hastened by the application of heat, 

HjdtocMorio J 

acid, 1 tiydrogen— 
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136, Chlorioe is a yellowish green ga8.(**} It bas an 
aetnngBnt taaie and a disagreeable odor.(*°) It is one 
of the most au&bcating gases, exciting Bpaems and great 
irritation in the throat and lungs, and should not be incau- 
tiously breathed, even when conalderably diluted with air. 
Some relief from the senaationa produced by it, may bo 
obtained by inhaling the vapor of ether or alcohol. If a 
mouse, or other small animal, be dropped into a jar of 
chlorine, it will instantly fall dead. Mingled with hydrogen 
't becomes explosive, and may be inflamed by the direct 
I^H of the Bun.(**} It is about two and one half times 
laTier than air.(") Under the pressure of about four 
mospheres, it ia a limpid fluid of a bright yellow color, 
old water, recently boiled, absorbs twice its volume of 
dorine, and yiolda it again when heated. 
Fl37. Chlorine unites willi some substances with the evolu- 
D of light and heat, and hence is called a tHpporter of com- 
(ttioM. On plunging a lighted taper into cbiorine, it bums 
r » sboit time with a small red flame, aud emits a large 
mtity of smoke. It may be relighted, if the wick is 
J and ted hot when introduced into the gas. Phos- 
UB takes fire in it spontaneously, and bums with a pale 
vhite light. Melted sulphur also takes fire in chlorine, aud 
ns rapidly- Several of the metals, audi as tin, copper, 
mic, antimony, and sine, when introduced into chlorme, 
s state of powder or of fine leaves, are suddenly in- 
[ned.(*') Chlorine is indirectly one of the mostpower- 
' oxidizing substances which we possess. It oxidizes by 
thdrawing the hydrogen, for which it has a great affinity, 
irom the water in which different substances are dissolved, 
and thus the oxygen of the water being set free, unites with 
tbe substances in solution. This process always oxidizes 
^^Lpdies that have a strong affinity for oxygen.(*^) 
^^wl38. Chlorme bleaches and destroy! ail the colort derived 
^^^■m the animal or vegetable kingdoms. In consequence of 

^Tbblei 



ns property, chlorine Iiaa become a most important agent 
II bleaching. Linen, cotton, paper, and oihcr materials. 
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ntar now be rendered ncrfecity while by it in a few !ioiini> 
white, by tbe old metliud of laying then) on ibegrauin 
the Bwi, weeks, and even montna, were required to pro- 
dace this effect. Chlorine is not, however, used directly, 
aa it would be injurious to the healih of the luborers. but 
eUoridt <^ lime is employed, a salt from which the chlorine 
is separated by mere exposure to ihe air.(*'') 

139. Chlorine is one of the l>cat and most powerful sub- 
Htances that can be used for tbe purposes of disinfecdon ; 
bat its use for this purpose i-equires care. Bleaching pow- 
der, mixed with water, and exposed to the air in shallow 
Teasels, becomes slowly decomposed by the carbonic acid 
of the atmosphere, and tbe chlorine is evolved. If a more 
rapid disengagement of chlorine be wished, a little acid of 
any kind may be added, but an excess of chlorine is as bad 
aa tbe gases it is designed to remove. It disinfects the air 
by decomposing the noxious gases, uniting with one of tha 
GODBtituenis. and preeipiiaiing the other iti the solid or bana- 
leis form- Several of the gases to be described hereafter, 
aa sulphuretted hydrogen, arc decomposed in this way. 



140. Iodine is an element found in tbe ashes of sea-weed 
and of sponge. In generul characters it is similar to chlo- 
rine. It is a soft, friable, opaque solid, of a bluisb>black 
color, and metallic lustre. It has a pungent odor, au acrid 
taste, and stains the skin of a deep brownish color. It de- 
stroys to a certain extent the vegetable colors. It is not 
. very soluble in water ('•), unless the water is impregnated 
L with salt. In this case a larger quantity is dissolved. It is 
I aoluble in ether and alcohol. Its vapor is about eight and 
p-One half times heavier than air (sp. gr. S-7), hence it will 
remain in a bottle in which it is volatilized, or it may be 
poured by inclining the bottle in a stream of dense red , 
vapor. 

Potassium and sodium, and several other bodies, bum in 

k iodine. It is therefore rrgarded as a iupportn- of eomhui^ ^^ 
tioa, although its apjency in promoting combustion is ex- 
ceedingly limited. (**) 
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m. One of ihe most characlerUtic properliea of iodine 
is [be production of a splendid blue color, with starch. The 
iodine for tbia purpose must be free or uncombined, and the 
solution of starch cold. To set free the iodine when com- 
bioed, it is merely necessary to add chlorine water or nitric 
acid, which takes the base, and if this be done in a solution 
of starch, the blue color is instantly produced. By this tCHt 
iodine may ba detected in water containing the ^^jnnF P^'^' 
If a little iodine tincture be dropped upon flour, potatoes, 
&C., the presence of starch in those substances will be at^i 
once indicated. 

Iodine is consumed in large quantities in medicine, 
employed as pure iodine, and as iodide of potassium, buk 
not administered cautiously, and in very small quaniitied, 
it i» an irritant poison. The vapor of iodine ia employed in 
rendering daguerreotype pictures sensitive to light, as will 
be explamed hereafter. 






342. Bromine is found in very minute quancilieg in a 
Ter, and in the ashes of certain medicinal plants. It i 
Tlish red liquid of a powerful and suffocating odor, 
dng red fumes. TJiis vapor is about six times as heavy 
_T (sp. gr. 5'93). Sulphunc acid floats on the surface of 
(nine, and is used to prevent its escape. It freezes at 
^ into a brittle solid. It causes phosphorus to bum, and 
'lines with many metals with ignition. The flame of a 
ing taper, immersed in the vapor of bromine, appears 
a at the top and green below. It ia therefore regarded 
as a supporter of eomhuslitm, although most bodies are ex- 
tinguished when immersed in it. It produces a yellow color, 
yn&i starch. 

Ii bromine and iodine are the constant attendants of 
',; wherever common salt occurs, whether in the 
lie sea, or in mineral springs, small quantities of tbeso 
are found, not in a tree state, but combined with 
metals. The different sea-weeds attract these combinations 
from sea-water, and from these sea-weeds iodine and bro- 

141. WhM a nne of the most characi eristic prDjietliea of iodine ! In what 
•laU must the iadins be to eire > blue onlor with etacch ! How maji ii be dii- 
coneed if cotntjined? What is Ibe bhie compouDd thus produoed ! Ana. 
Ibcwdi^toratsroh. Whalii aaid ollhedelicacjr DfihiatesI for iodine! What 
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■ttina am estracteil. Both iheeo bodioa bave poisonous 
pcrlieH. One droj) uF broniiuo odmiiiistered to a biti, 
Ltbrough the bcek, ia sufficient to cause death. A enmll 
I ouantity of bromine imparls a transient yellow color lo iha 
I tida; a larger quaniity produces a yellow and then a brown 
I color, wliich can be removed only with the skin itself. Ib 
f atill larger quaniiiy it produces immediate corroBioii of the 
r part to which it is applied, and violent inflammatioiu It 
I corrodes also wood, cork, and other organic sidisi 
I imparting a yellow color to them. Like chlorine, iL r 
I lileaclics tincture of litmus and indigo. 



been ^^^ 



143. It is doubtful whether fluorine lias ever been 8 
tsined in a separate state. Its compounds can easily tM 
decomposed, but its remarkable energy of combiiuttkn 
with the metals, and especially with silicon, a constituent of 
class, has rendered its isolaiion Tory difficult. When one of 
Its compounds is decomposed, it passes almost instantly 
into some other, and cannot be retained in the free state. 
It has been, however, proved to be a gas of a yellowit^ 
brown color, having the smell and bleaching propertiBS of 
chlorine. It probably huldi an intermediate place betweHa_ 
oxygen and chlorine. 

Symbols and combining numbers of the halogens i 

Chlorine, CL 35. 

Iodine, I. 127 (136-37). 

Bromine, Br, 7" 

Fluorine, F. 1 

These substances have a/ar greater affinity for hy* 

ban for oxygen. With liy'drogcn they form acids ( 

I gen acid.i), and with the metals salts, which are called^ 

f talu, to di^inguish them from the common or oxygen 



Hi. Both of these subtances occur in nature only III 
[ combination with oxygen ; boron but seldom, as in boracic 

f orcomliiutiooT Whit is said of the origin of hrsmin 
■aidoflheirpoiconaiuuid«irtaiii<epru|ierties; Dee 
I ing propeniAi I 
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Silicon h 



rerfuDy, [ 




or Lorax, and silicon very abundantly, 
I, and almost all kinds of stonea. ; 

a nut-brown color. Healed in the air it burns, 
I is never more than pailially converted inio silica. 
buma when heated in the vapor of sulphur, and in 
). By heat alone silicon ia changed to an alloCropic 
T to a form poasesaing the same composition but 
t properties. It bocomca, when heated, darker col- 
snser, and incombustible even under the compound 
This change in its prnperties takes place when 
wilhentt contact of air, or In a covered crucible. 

a dull greenish -brown powder. When heated in 
n oxygen, it bums with a vivid light, scinTillating 
J, and forma by its combustion bovacic acid. It ia 
e attacked by nitric acid, chlorine, alkalies in a fuaed 
jdition, and other agenla. When mixed with 
I heated, it explodes. 
Pymbols and combining numbers of the hyalogens 



Silic 



B, 



22. 
11. 




CID COMPOUNDS OF THE NON-METALL: 
ELEMENTS. 



, The compounds of iho non-metallic elements may 

idcd into acid, ncuiral, and alkaline. By the term 

B meant a substance that is sour, reddens vegeta- 

f blues(*»), and neiitiallzes the Blka]ies.(**) Alkalies 

' substances that have an acrid taste and caustic 

s; thai change vegetable blue infusions to green, 

■ to brown, and that neutralize acida.C*) Neutral 

IS are those which possess neither the properties of 

alkalies, and are sometimes produced by the action 

n alkalies, by which the peculiar properties of each 
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cotDpODcat ■» destmyciJ in tlie resulting oompooad. Tlrtaa 
•ubttancsB are called eulla, and font) a very uuporuot dui 
ofbodieB.(") 

146. The nioet important of the acid coiupounda of tbe 
non-inetsllic elemonis are, sulphurous and sulpburic, i ' 
wid nitric, phosphorous and phosphoric, t^rbonic, 1 
chloric chlorous and cbloric, hyposulphoric or enlpbi 
hjfdrogen, hydrofluoric, and silicic. 

Sulphur. (hygm. 

Sulphurous ACtu, 16 16 

Sulphuric acid, 16 24 

147. Sulpiiaroas acid is found !d the neighborhood off 
canoes, holb in the gaseous state and in springs. It u tM 
only [iroduci of the combualion of sulphur in the air, or In 
oxygen gaa. It is inost convenienily prepared by heating 
copper clippings, or metallic mercury, with sulphuric add 
in a retort. The cnpper, or mercury, decomposes th« BUt 
phuric acid, taking one third ofita oxygen, and the sulphuric 
Bcid becomes sulphurous. In numberi, from SO, (sulphurui 
acid) take O, there reroaius SO, (sulphurous acid.) 

Sulphuric S ^ ""yee^:^:^ SUPHUROUS Acm. 

acid, ]="'P''"'-^^ ,p— »«...-.. 

' ( oxygen 
Coinwr -^^^^«r oxide of copper. 

'^'^ ^\ l»rtt™.,U,«tfl>.S.Vrfufcmi.lpl..<H*.W»a 

Sulphuric acid sulphate of copper, soluble salt 

148. Sulphurous acid ia a colorless gas, having the pecd- 
liar suffocating odor of burning brimstone. It is acid in id 
taAte, and reddens litmus paper, or vegetable blues. It hn 
the power of checking vinous fermentation, and it is tbet^ 
fore employed in the process of brewing and mixing wlna' 
It also poHseasea bleaching properties. Litmus paper after 
being reddened by the acid fumes, is slowly bleaehed.(*')' 
The fumes of burning sulphur are employed to whiten atrai* 
and to bleach silk, and tbey also impart to these subetascM 
a peculiar gloss. The colors are not, however, dettroyei, 
for tbey may, in general, bo restored by the application of 
a stronger acid, or an alkali. Sulphurous acid extinguisJieS 

1«. WriiB ihe comixMiiion Mirt »ynil«l of .iiiphuroui k\A ;-»ulnhniic acid. 
When iaiu1phtimuii.cid round in nnture! 1JD» ii ileiuily pioducedt Dc^ 
crilw thomcltiod by which it La pwpBmJ foteiprrimenl, 

14S. Whiriareioiiieot IheuiuiicniciadiuliilKinnu tcid! For wbat pv 
— .-_ :. ; -unployeiH Dim il deiltos «aBsii\e ohm yrmMJit 
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finrning bo^iea. The burning soot of a foul cbimney ttisyi 
lie extinguish eil by llirowing sulphur on Uie fire, and thur J 
filling the chimney with the fumes of sulphurous acid. It ia 
Bpeeoily destructive to nnirnals placed in ii.(-''°] It b tbe 
eaaiest of all gases to condetiee into (he liquid J'arm, requiring 
toT this purpose only to be passed it) a dry state thrDugh ft 
glass tube surrounded by a freezing mixturu of bdow snd 
Bait. The same effect may be produced by exerting on it a 
pressure of two atmospberea while at tbe freezing point. 

Water at G0° is capable of dissolving nearly 50 tiroes its 
volume of Eulpburous acid, forming a strongly acid fluid. Its 
avidity for moisture is so great, that it furms an acid foir 
with the moisture of the atmosphere, and a bit of iceelippel 
under ajar of sulphurous acid is instantly melted and absorbs 
tbe gas, the mercury rising to fill the jar, 

149. Sulphurous acid is easily convened into sulphuric 
All that is required is the presence of oxygen gas and 
water. A mixture of sulphurous acid and oxygen may be 
kept for a lung; time over mercury witliout chemical action; 
but if water be admitted, sulphurous acid gradually unites 
with tbe oxygen, and is converted into sulphuric acid. 
This property of sulphurous acid ia of ^reat importance, m 
oa this the process for making sulphuric acid, on tbe large 
scale, depends. From its affinity for oxygen, Bulphuron« 
acid decomposes the solutions of those metals which have • 
weak affinity for oxygen, such as solutions of gold, silver, and 
tneivury (with heat), and throws down these bodies in a 
metallic form. By nitric scid it is immediately oxidized 
and converted into sulphuric acid. 

laO. Sulyhtiric acid. TWu is the most important of all 
tba acids. It has all tho acid properties in a high degree. 
"When pure, it is a limpid colorless fluid, neai'ly twice a* 
bcavy as water. It boils at 680°, and freezes at 15°. When 
«ambined with water, so that its specific gravity is 1'78, iB 
fteeses at as high a temperature as 40°, but any further 
addition of either water or acid, causes the temperature of 
its freezing point to sink, i 
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161. The process for the mmtifacture of ndpktaia- 
dttpendfl upon B property of sulphurous acid mentioned si 
»i»., that of being readily converted into Butpbnric acid, 1^ 
the presence of both oxygen and water. To underBtand ibis 
process, it will be necessary to learn first, the source of the 
sulphurous acid ; secondly, tbat of the oxygen; and thirdly, 
that of tlie water. 

A and B {Fig. 53.) are two furnaces ; C and D two ps 
chambers. Onthefiow 
*"'' "■ of ibe fiirnace, B, eul- 

phuriaatrewn. Tlusii 
set on fire, and the fumei 
j thus produced are m/- 
a pkwout acid,vi\iuAi-p9fK 
through tbe chimney, (, 
into iIm chamber, C. In the fumac«, B, is seen a tripod, 
wd i^WD this an iron diah. This iron dish, or capsule, ctn- 
uins sulphuric acid and saltpetre. The Same of the aut 
phur beneath the capsule, causes nitric acid gas to be givca 
off (from tbe decompteition of the saltpetre, or nitrate of 
potash), which also passes through the chimney, b. This 
IB the source of the oxygen, the second element to be ob- 
tained, for nitric acid contains a large amount of oxygeo 
(p. 96], and this Is absorbed and taken away from the nitrie 
tcid in the process. 

Finally, water is obtained in the form of steam from the 
boiler, A, and passes through the pipe, g, into the chamber, 
C. In this chamber, therefore, are all the substances neces- 
sary for the composiiion of sulphuric acid; — the siUphiirtnu 
tuM from the burning sulphur in B ; — the oxygen fiom the 
nitric aciti gas formed by the materials in the iron capsule;— 
the watery vapor from the boiler, A, These unite in C, 
and any excess flows into a second chamber. D, &c. Tl* 
Bcid collects on the floors of these cbambpr*. When it baa 
attained a certain degree of strength, wliicb is regulated by 
admitting mote or less steam into the chamber, it is drawn 
off and concentrated by evaporation ; first in leaden pans, 
and afterwards in stills of platinum, until it attains a epeeiftc 
gravity of about 1-84. It is then transferred into carboys, or 
birge glass bottles fitted into baskets, and ready for sale. Jn 
Great Biitaiu, the manufacture of sulphuric acid is one of 
great national importance, and is carried on to a TBSt 
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152. Tlie attraclion of Bulphuric acid for baBes* 



that it separates and expels all other acids fruro their combin- 
aticrns.(^*) Its aiEnity for water is so great, tfaat it absorbi 
k from the atmosphere. When dilute acid is boiled, pure 
water is given off at first, and no acid vapor mixes with the 
I vapor of water till it is brought to the proportion of 2 atoms 
f 'water to 1 of acid, wheu the acid evaporatea unchanged. 
*" mixed with water, tke volume of the mixlure is con- 
1, and its temperature rises above the boiling point of 
BO that water placed in a small test tube, in this mix- 
), boils ; a test tube coataining alcohol, or ether, wilt boil 
e violently .(^"j 
^^ contrary effect is produced by adding sulphuric aciil to 
•■ow.f The moat intense cold is instantly produced by iho 
sudden change of the snow to the liquid form of water. 
Water added to tinow difisolves it but gradually, but the 
acid melts a large quantity at once, and the great amount 
of heat which thus becomes latent, is absorbed from the 
bodies with which the snow is in contact. 

153. Sulpburic acid chars and destroys moat vegetable 
and animal substances. If a piece of wool be introdu- 
ced into this acid, it grows black, and is reduced to coal, 
■Imost as if it had been exposed to the flame of a lamp. 
The sulphuric acid Baizes' upon its hydrogen and oxygen, 
which combine to form water, and unite with the acid, 
while the carbon remains. Wood may bo charred in this 
way, in order to protect it from decay in moist siiuatioua. 
In the relining of burning oil, the slime of the oil is charred 
by sul]Auric acid. 

Sulphuric acid may be detected in exceedingly small 

Suantitiea by any of the soluble salts of barium. If a few 
ropa of the acid bo added to a test tube, or a wine glass of 
water, and a little baryta water bo added, a dense white pre- 

■TtK lulwlineu nith which acidi combine, cilher alkalies, eaiiij auli- 

ttJnc pan of aulphnric ncid frith one pari of snow, evoli 
UUt one quiirtcr parts of snaw. no change of temperalure o 
lArffrquanliLf ijilenfle cold ii produced. 

tS3. What in aaidDrthe Ntraclion of lulphuric acid for It 
WhHliaaaidDrittaffimlTfarwalerr Whm Uksa place wli 
la aulpliuiic arid I An»,— The tDluma of the two aalnlai 
aod the lemppriiture ri.'Os above lbs boiling point of waief, ' 
rfaced bf aildiaj aulphurie acid to anow ! To what ia the in 

153. What IS the action of aulphnric acid on aniras] and TCcetaMe wAmaAEat.^ 
Wlijf u wDoJ biMckeaed tod o/iarred by aulphuric acirtT WVu* lea\» -"■^^" 
phjwiai deua talpbaacmeidt Uow muuh lulphuElo wild ' ' '" 
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ELEHZITTS OF CatMWrwt. 

cipiutc is fonneJ. Every 100 grains of tbia precqiUM 

dicate 34 grainit of snl^huric acid. Water cnntainin^SF 
njfTinis pBrt of aulphunc acid, is resJered slightly turbwl 
hy the addition of nitrate of baryta ; and water coutaJBing 
^^ siraVsu F^'< '^ sligbtly clouded after the laiwu) of IS pr 
SO minutea. 

154. If a ractidow or field be irrigated witb one pottnd of 
sulphuric acid, diluted with 100 pounds of water, the soil 
will bo rendered more fertile and productive. The fliUr 
pburic acid acta to decompose ond render soluble serenl 
Kinds of earth, and the soluble sulphated thus formed ae 
absorbed by the plants, and accelerate their growdi. If 
only ID limes diluted, sulphuric acid has the contrary efieod 
tnd may servo for destroying grass, and weeds in alleys, &c 

Sulphuric acid probably exists combined with the. wttsr 
] of certain volcanic springs. It is found in large qaaolitMil 
Ifocli in the organic and inorganic kingdoms. 

KUrngt^ Oingm. fi'vxM. 

Hyponitbows acid. 140G 24 KO,. 
NiTuous Acm, 1406 32 NO^. 

NiTHic ACID, 14-06 40 NO5. 

155. H'lponUrotti acid. This substance is important am 
n its rolaiious to nitric oxide; it will therefore be conw- 

ered, in connection with that ga« hereafter. 

156. Nitrotu add in obtained by the action of niti'ic aai, 
diluted with about two parts of water, on metallic coppei) 

I wiih the prance nf air, from which oxygen i» absorKll 
during the process. 



Nitric acid, i nitroget 

( oxygen 

C opper 



Nitric acid— 




^H Ora 
^H 100 

^H thel 

M 



Ide of copper. 

of copper, soluble salt^ 

The gas is copiously -evolved, and may be collected in ArJ 
resseb by the displacement of air. It has a cburacieristio 
Orange red color. It cannot be breathed, and excites great 

100 gnins of ita precipitate wilb barylal What ii mid of Ibe deticas; of 

_ji. Why iiarery nenk salulion of sulphuric noiil fnTiinitfle lothe emwth 
y^plaiiUJ t^hat effect haa u strung xiluUon 1 >N\wrGB ti. ^vAnUavlulaul- 
rtiurie ao/d Biisw I Wliore is it (ouudiulMje njianMUta'. 



_ Nitroi 

HFTbe 
Pirhea 



atiou in the ihroat anil liin^, eren when diluted 
iiea which bum with great intensity, as phoBph< 
compose tliia gaa, and therefore their combustion is continued 
by the great amount of oxygen which it contains. Ignited 
c&arcoal produces the same eflcct, but a taper, or burning 

Iphur, will be extinguished. Its density is r431, air 

\mg 1,000 ; it in therefore about one half heavier than air. 
_ 'be power of water to absorb ihia gas, may bo shown 
'wlule the gas is collecting, by stopping the tieck of the re- 
ceiver around the glass tube with wet cotton or sponge. 
JGven after the receiver is full of gas, none will escape into 
the room, the excess being absorbed by the wet cotton.(") 
Ifitroua acid destroys life. An animal dropped into this gas 
'' Kantly dies. 

The relations of nitrous acid to light are very remarkable. 

IkBU its temperature is very low it is nearly colorless, but 
ft taices an orange tint as the degree of heat increaaes, and 
fioally become almost black. If it is examined while under- 
going these changes, by passing a ray of light through it, and 
analyzing the ray by means of a prism, a great number of 
dark lines are found in the resulting spectrum ; as the tem* 
nerature rises, these increase so much in number and "~ 
breadth, thai the light finally becomes obliterated. 

157. Nitric acid is the most important romprmnd of oa^ 
geit and nitrogen. When pure it is perfectly colorless, but 
when exposed to the rays of the sun it becomes yellow from 
partial decomposition, and, on loosening the stopper of the 
bottle, it is projected with force by the gas produced by de- 
composition. To preserve the acid colorless, it must be kept 
ia a covered bottle.{^*) The yellow color may be driven 
off by heat, and the acid rendered again colorless. It u 
intensely corrosive and sour, and fumes when exposed to 
tbe air. It is one half heavier than water (ap. gr. I'Sl). Its 
action on metallic aad othor combustible bodies is exceed- 
ingly violent, owing to the great amount of oxygen which It 
cootainB. A little water must, however, be present in tha 
ftcid, as very strong acid seems to have but liitle power in 
this respect, (^ganic subalancea, also, as sugar and starch, 
decompose with nitric acid and cause an evolution of abi;[u 

IM. Wfiiethe compositigB and avmbuls of lijponitrous, nitron*, gnil nit(i« 
•cidx. Enuliin [be roetbod of obtunins nilroui scicL Whw ure loma of iu 
properties ! Wb«i Ifldiea burn in niiruat acid ! Wha* other propmieiot tv 
traucKid ire mentinned ! WIihI i* iU effect an animal U(e^. Yi tuA U iu&. >A 
iu MUtiinw Id Irjiht > 

IS7. »'*»< an lome of the pmperf in of nitric acid 1 \o -wVbJ. msnn" "M 
tiii tad Ik pieMiteJ_ eotoiteu J Hotr may ill yellow ctAoi \io 4li''Mi«>*^ 
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i« of red fumM.{") It boil* at 248'', and freezes al aboal 

l40''belvw zem. When diluted wiihliBlf its weight of water 
I il bec'itnes solid at 12° below zero, and with a little more 
I vrster its freezing point is ajijain lowered to — 15°. 
, ice and enow Buddenly lo melt, produciog Intense cdd. 

Hence thij is one of tlio most common freezing miKlurea. 

Il will BJnk the thermometer from 12° above lo 30° behnr 

XCTO. 

Nitric acid cannot bo laolated from water, or from tlia 
bases with which it is combined. It is doubtful whether the 
' proportion of comlitittional water wiih which it is combined, 
I can be reduced below 13 equivalents. Il attracts moisture 
from damp air, and incrE'ases in weight. When suddenly 
mixed witti j its weight of water, it rises in temperature from 
60° to 140°. The large amount of oxygen which nitric add 
contains it yields with great facility. It is, therefore, retrf 
useful to the chemist in processes for obtaining oxygpn, or 
in imparting oxygen to other substances, as in the formatioii 
of several of the acids. Nearly all the metals are oxidized 
by it, and some of them with extreme violence ; such as 
copper, mercury, and zinc, in the concentrated acid. It ia 
much used lii the arts by engravers for etching tbeir c^per 
plates, in the solution of metals, and in dyeing. It has abo 
important uses in medicine. In its concentrated stale it is 
a deadly poison, corroding and destroying the animal organs. 
It cannot be detected by the precipitation of its compoimds, 
wnce these are all soluble. One of the best tests is its power 
of bleaching sulphate of indigo, when boiled with that Hqnid; 
to remove doubt from the result, il is necessary to decida 
thai chlorine is nut present, which may be done by the leaW 
for chlorine. The tint which nitric acid gives to hydrogen 
fiamc, is one of the means for detecting its presence, sot 
this purpose a few fragmants of zinc and sulphuric acid via 
added lo the nitrate or the body supposed to contain nitric 
acid. If nitric acid be present, on setting fire lo the hydro- 
gen formed from the zmc and Bulpburic acid, .a greemi^ 
tinge will be piven to the flame. Another lest for nitric acid 
is Uio formation of aqua regia' when hydrochloric actd is 

• A rairtura of nitnc md hydrochloric acid, which will ditsolTS gold mnl 




is formed 1 _ 
iydrochloric acid, which may be determined hj placing 
n the solution, nitric acid ia proeent. 
c acid forms transparent colorless crystals of 
brillianry, having the form of prisms with six faces. [ 
When slowly deposited fiom a, current of gas, they attain a 
oonsiderable size. They loelt at a little above 85° and boil 
at 113°. When water is added they dissol' 
_««Mng a groat riao of temperature. 
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. Photphorous acid. The white fumes which 

I the slow combustion of phoBphoms are phosphc 

, It is also formed when phoaphorus is burned in a very 

outed supply of air or oxygon gas. It is an acid of very 

0e importance. It forms white and very bulky maeees, 

tSlj volatilized and Hublimed, having a very strong affinity 

r water, which it absorbs, togethor with oxygen, from the 

Jt, and gradually becomes phosphoric acid. It has a garlic 

emell. Its solulions are sour, and it forms well determined 

salts. It is, therefore, strongly acid in its properties. On 

C of its strong affinity for oxyeen, the solution of this 

, sometimes used as a deoxidizing agent. 

. Photpkoric acid. The method by which nitrogen 

iboephoric acid are prepared at iho same time, has been 

Jibed under the head of nitrogen. (108.) This acid is a 

8 gasi possessing strongly the acid properties. If it 

^llected from tlie inside of a Jar in ivhich it is formed, and 

ikly put into a dry watch glass, and a few drops of water 

" ' d to it, the water and the acid will combine with 

e violence, producing great heat, accompanied by a 

g sound. Once in a state of hydrate, ibe water caunot 

I be separated from it, This acid is not poisonous, 

er does it coiTode the skin. At a high furnace heat, 

ircoal decomposes phosphoric acid by al>8tractingita oxy- 

1, and the phosphorus sublimes. This may be collected 

f immersing llie neck of the retort under water. 
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160. For prepann<; cai'boDii: acid.awiilc-mnutliRd bottle,^ 
BfFig-54.] ia pruvided ivith a bent tube, c passing' (lirougfa itf 
''Cork, anil a funnel tube,^ Pieces of white 
marble, or chalk, are nlaceiJ in the l>otUo, 
wluch U then stopped, and a little water 
poured hi through the funnel. When tbe 
end of the funnel tube u rnvered with v 
ter, bydrochlntic acid ia added, and the att» , 
com€» over and tnay he collected in dry 
botllea, as represented in ihe figure. A 
piece of pasteboard in placed over the bot- 
tle to prevent the atritation of the air from j 
affecting the gas within. 

Carbonic acid ia colorlesa and inodorous, and about a half 
heavier than air, (sp.gr. l-324).(**) Even when diluted with 
three times its volume of common air, it extinguiabea a 
candle. By the pressure of 36 atmospheres, or 540 pounds 
10 the square inch, it may be converted into a liquid. When 
the pressure is removed, the liquid resumes the gaseous 
state with such rapidity as lo freeze that which is left. TUs 
sudden expansion into the gaseoua state absorbs so muck 
sensible beat, or converts so much sensible boat Into latent, 
that bodies with which it is in contact are reduced to a tem- 
perature of 148° below zero. 

At — 85° carbonic acid is frozen into a white flocculent 
mass, resembling snow, and compressible like that substance. 
When exposed lo the air, the acid disappears in a few min- 
utes, and often leaves behind a small quantity of water, con- 
densed from the air by t)ie cold. If the snow ia touched 
with the finger, when resting on a. smooth surface, it glides 
quickly forward, as if supported by a straliun of gas. A 
piece of solid carbonic acid pressed upon tbe skin of an 
animal, stops the circulation at the point of contact by tba 
cold which it produces, forms a white spot, and after fifieen 
eecotids, a blister. If some of the snow is introduced into a 
capsule containing mercury, and wet with ether, the mer- 
cury b frozen solid, and can be hammered and drawn out 
like lead. If it is moistened with ether in a vacuum, a cold 
of — 174° may he obtained. 

At common temperatures and pressures, water absorbs its 

160. Wnlf Ihecnrapoiilion ixndsjoJjo; q[ esiVnnioMiii. Si^m Fig. 54, 



own Vdlume of carbonic acid; under a pressure of t 
AtmuspJiered it absorbs twice its own volume, ficc It !» 
found in mineral springs, to which it imparts their efFerves- 
cence, and theiraliglitly pungent taste. The insipid cha racier 
of boiling water is owing to tlie absence of carbonic acid. It 
does not support combustion, and is hostile to life.(**) If 
three jars be placed alongside of each otiier, one containing 
carbonic acid, the second oxygen, and the third common air, 
a candle will be put out in tho first, relighted in tlie second, 
RjK4 will bum as usual in the third. Ignited potassium, how- 
^■Bqr*, bums in carbonic acid by decomposing the gas, taking 
HjBRXixygen and depositing the carbon m a fine black powder. 
■l The Grotto del Cane,* in Italy, is a cave so called be- 
muse a dog is used to show llio effects of the carbonic add 
within the cave. It is situated on the bank of a lake, and a 
sti-eam of warm water flows from it, accompanied with 
Wpor and smoke. Above the water, and on its surface, a 
*— *— rn of carbonic acid rolls out from the cavo. Being 
rr than air, this does not rise, and therefore a inan may 
in the cave and experience no inconvenienco, but a 
t Boon drops ilown and dies unless drawn out to the air. 
jetfectly distinct does the stream of gas flow out from 
B^ve, and to a distance beyond it, that the smoke above 
T'current marks its course, and rises and falls with the 
Wualities of the ground. 

Carbonic acid is produced in all the processes of fer- 
mtation, and it is this gas which gives the foam and life 
^,_. . . md other fermented drinks. In raising bread, car- 
bonic acid is generated by the fermeiitative process ; and in 
baking, this, becoming entangled in the dough, renders the 
bread light and porous. It is also produced in the ground 
by the fermentalion of animal and vegetable matter. This 
is the origin of the choke dainji of wells. Many accidents 
have occurred from persons descending into such wells. 
Meeting with carbonic acid they are suffocated, and fall into 
the well, A candle should always be let down into a well 
before descending into it. If the candle goes out, the air of 
the well is charged with carbonic acid. Even if the candle 
doos not go out, the air may be so contaminated with car- 

* Grotto of ihodog. 



htious of oarbonin bc[H to eombu>iion and We X ^ W «■*>- 
jsrhonic BCitl t How doe* Iho comWetioo o( pm.os»vawi '™ '™^- 
//lie^t UdsfnVtheli.DUidel I. sue m Vib\v >. ^^•"^*VSV. 
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bonic acid aa to render it injurious if brca.tfaed fbr K% 

This gaa may be removed from wells by loi 
down a qaantity of recently ignited chanxwl, or qnickliibe 
mixed with water. Jl may also lie pumped out by a pump 
furnished with a. leather hoae. 

Carbonic acid is one of the products of the combustion of 
oar fires. As this, and all the other gases gi(~en off in corn- 
bastion, are deadly in their nature, great care should be 
taken that none of the fumes from stoves or fire-places escsne 
into the room. When charcoal is burnt, i| should be under 
I the draught of a chimney. Many persons have lost their 
tives from the fumes of charcoal burning freely in a room. 

The affinity of carbonic acid for moat bases ia so weak 
that it is driven off by heat. Lime is made in this way by 
roasting limestone {carbonate of lime), by which the car- 
bonic acid is driven off, and caustic lime lef^. 

Carbonate of lime is soluble in water containing carbonic 
aad, but when the carbonic acid is driven off from ench 
water, or diminished by heat or otherwise, the carbonate of 
Bme is deposited. From this cause arise the vast calcareona 
deposits and concretions called stalactites, stalagmites, &&■ 
which are found in caverns and similar places.(*'') 

The presence of carbonic acid is always determined by 
adding any other acid. If present it will be indicated by 
its effervescence, or by the sparkling appearance on the sidM 
of the glass, or on tlie surface of the hijuid. 
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161. This acid is formed by the action of dilute sulphuric 
acid on common salt. A liitle heat is applied, and the gaa 
is collected in dry vessels by the displac" ' '" 



Chloride of 1 chlorine- 
Sodium, \ sodi 

{hydrogei 
oxygen 
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Hydrochloric acid. 
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THE ELXHEKTS AND TBEIB COMBIKATION8. 

In die arta, hydrocliloric acid is made 
Dtber proc«»8e9, particularly in ilie manufacture of carbon- 
ate of soda Ironi common salt. It waa formerly allowed to 
escape into the air, but it was found to produce euch delete- 
rious effects upon ibe veg'Ctaiiou and the animalB in tbe 
vicinity, tbat it was required by law to bo condensed. It 
was sometimes detected in tlie air at tbe distance of two 
miles from the manufactory. Such quantities are now man- 
ufactured as greatly to reduce its price, and Bometimes even 
to overstock the market. 

Hydrochloric acid may be produced by the direct union 
of its elementa, or by syntkfxis. When ei)ual measures of 
chlorine and hydrogen are mixed together, and an electric 
Bpark passed through the mixture, msiantaneous combiia- 
tion taJics place, and hydrochloric acid is formed. Light 
also causes them In unite.(°') If the mixture be placed in 
the direct raya of the sun, a sudden union of tbe chlorine 
md hydrogen takes place, attended with flame and explo- 
The vivid galvanic light on charcoal points (S3), pro- 
I tbe same effect. The mixed gases may also be 

x»loded by amalch.(^^) 

a pure, hydrochloric acid is a colorless gas. with a 

mgent odor, and a sour taste. It is somewhat heavier 
nan air (sp. gr. 1'269). By a pressure of 4(1 atmospheres, 
" dt 50°, it is condensed into a liqnid of specific gravity I'S?, 
It cannot be breathed ; but when diluted with air it ia far 
less irritating than chlorine. It extinguishes combustion, 
and is not itself combustible. One of the most striking 
properties of hydrochloric acid, is its great attraction for 
water. A white cloud appears whenever it escapes into 
the air, owing to its combining with the invbible vapor of 
the air, and precipitating that vapor. A piece of ice put 
into ajar full of this gas, disappears in a few moments, and 
if the jar stands over mercury, this rises in the jar to the 
top, the water of tbe melted ice absorbing the gas com- 
pletely. On opening a wide mouthed jar of hydrochloric 
acid under water, the absorption of the gas takes place bo 
instant anoously, that the water is forced up into the jar with 
the same violence as into a vacuum. Heat is produced in 
this experiment by tbe condensation of volume wbicb the 
goa undergoes. 

procen h; whicb it it olitainrd. Huw is hydtochlunc vi& fcnenW-] niiiW.^*A- 
lureri in ibE aiu r Howm^y lliis wiit Iw fiiraied lij •vm^eaw''. Vi^«»»-" 
wn* afiuprnptrtitt ! ilinlKm muuc of Llis pro^iXtM ut \iqfu&.^aT» 




Lu]ui<I hydrochloric acid, like (he gas. i* colorleM wlicn 
I punt. It emits white vupi>ra when csposcd to the air, anil 
I iMMReeses the acid properties tn a high degree. Like ml- 
I ]>faiiru; and nitric acids, wlien mixed wilh water it raiaes its 
temperature by a condenBation of volume. It boils at 110*, 
and freezes at 60° below zero. Wilh nitric acid it itMina 
(utM Ttgia. Tlie proiiertica of this compound are not ibose 
of tbe atid mixture, but of the chlorine which ia eet free, and 
which, in iis ^an^m/(faCe(p.ti4), dissolves gold and platinum. 
Hydrochloric acid is a valuable asent in medicine. Be- 
■idea being used in the liquid form, like other medicines, it ia 
used iu the gaseous state as a ditinfrclipg agent. For thni 
purpose, it ia common in hoepitale and in other places of 
disease, to liberate the bydrocfaloric acid from common aah 
by means of sulphuric acid. In the arts it is used chiefly 
by tlie dyers in forming colors, and in obtaining chlonoe 
gas (135.) for bleaching. It possesses also valuable antE- 
aepdc properties {*'), and bleaching powers to some ex- 
tenl.{'") In the laboratory it is very valuable iu prodaeing 
' I dissolving a great number c" — '~'~ — ■* — 
testing for bodies in chemical aiialysia.(''] 
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162. CliloToui acid is obiained by the action of boI 
or hydrochloric acid on chloraie of potash. The chla 
potash IB made into a paste with sulphuric acid prei 
diluted wilh half its weight of water, and cooled; this 
troduced into a small glass retort, and very cautiously i 
with warm water; a deep yellow gas ia evolved, wfaicba 
be collected by displacement of air or over mercury. 



f chlorine 
I oxygen 



I of potash. 



E ELEMENTS AND THEIR CO! 



Clilorous acid has a powerful odor, quite different from that 
of chlorine, ^vhich it resembles in colur and density. Walet 
dissolves S or 6 times its volume of tbie gas, asBuming a 
golden yellow tint of considerable inienBity. It is exceed- 
ingly explosive, being resolved wiib violence into its elemenlB 
by a temperature short of the boiling point of water. A ntg 
wet with the oil of turpentine at once explodes it. Fhospbo- 
ru9 takes fire spontaneously in chlorous acid. Its specific 
gravity is not quite as great aa that of chlarine, being 3'36, 
while that of chlorine is 2*47. It may be liquefied by pres- 
sure. Water absorbs chlorous acid freely. The solution 
poaeessea bleaching properties. 

When a mixture of chlorate of potash and eugar is touched 
■with a drop of sulphuric acid, it is instantly set on fire, the 
chlorous acid disengaged being decomposed by the sugar 
(which takes away its oxygen) with sudi violence as to set 
it on fire. If a piece of phosphorus and some chlorate of 
potash be placed in the bottom of a wine-glass, and the 
wine-glass filled up with water, tlie phosphorus may be fired 
beneath the water by pouring, through a long funnel tube, 
Eulphuric acid upon the mixture. In this experiment the 
Bolphiiric acid produces heat, and evolves chlorous acid 
from the chlorate of potash, which sets fire to the phos- 
phorus. The mixture, at the samo time, becomes yellow, 
n'om the chlorous acid disengaged, and it also acquires the 
odor of that gas. If strong sulphuric acid be poured upon 
a small quantity of crystals of chlorate of potash in a 
wine-glass, a violent crackling is heard, and the glass is 
soon filled with the heavy yellow vapor of chlorous acid, 
which at once inflames a rag wet with turpentine, and pro- 
duces a smart explosion. 

163. Chloric acid is formed by adding dilute sulphuric 

" 1 to a solution of chlorate of baryta as long as it o 
s a precipitate. This precipitate is suffered to subi 
' Q liquid contains chloric acid in solution. 
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The clear liquid, containing cDoric acid, may be ponred 
off aod carefully condensed by evaporation. In this statey 
its affinity fur corobuHtibte matter is bo great, that it immedi* 
Slely inflames any substance containing carbon or hydrogen, 
with which it conies in contact. Like nitric acid, it cannot 
be isolated from water or a fixed base- The compounds of 
chloric acid, or the chlorates, are easily recognized. Tbey 
give no precipitate with nitrate of baryta or silver. Thej 
also evolve pure oxygen when heated, and deflagrate on 
charcoal. When treated with sulphuric acid they evolTC 
chlorous acid. 

HVUROBITIPHFHIC ACtD, 

164. This gaa is also called mlpkuTttted kydrog^^ Tfaore 
are two methods by which it can be readily prepared. In 
die first, dilute sulphuric acid and sulphuret of iron are 
employed ; in the second, hydrochloric acid and the sul- 
phuret of antimony. The first process yields the .gaa most 
easily, the second in the purest state. 

Protosulpliuret of iron is put into the apparatus iisedfor 
carbonic acid, (Fig. 54.) Water is poured in through the 
fiiimel tube, /^ sufficient to cover the bottom of the (ube; 
snlphuric acid is then added until a copious disengae«meU 
of gas takes place through the tube, c, which may ne col- 
lected in a bottle partly fiUed with water. 

Sah>buret ( sulphur -^Sulphuretted BYD&oeSH. 

Water ) hydrogen^;^ 

"'*^' i oxygen ^^^^oxide of iron. 

Sulphuric acid -^sulphate of iron, soluble salt. 

The same arrangemGnt may bo employed to generate nl- 
phuretled hydrogen by the second process. A flask ahovU 
be substituted for the bottle, as heat is to be applied. 

Hydrochloric f hydrogen — -t-Sulpbu betted sydrogen. 

acid, ^ -..--.— / r.™.-. — > 



lonv -^cl: 



Sulphuret of ( suli 

antimony, ( antimony — ^chlorideof antimony.eol.salt. 



^^^^THB ELEMENTS AND THBIR COKBtffl' 

Sulphuretted hydrogen is a colorleea gae, of a strong and 
rery nauseous odor. This smell is perceived in the waier of 
nlphurous springs, where Uiia gas is formed abundaniiy. It 
jkWBO formed when wet coal is thrown on the Ore,* It is a 
B heavier than air (sp. gr. 1-171}. ('^) It baa feeble acid 
Under a jiresure of 17 atmoapberes, at 50°. it 
Eones a highly limpid colorless liquid of specific gravity 
K At — 132'^ it is frozen into a white cryatalme translucent 
i, which ia heavier than the liquid. To animal life it 
■vary injurious. Birds perished in air containing only 
jjj, and a. dog in air containing ^q of this gad. A horse 
i in an atmosphere containing only the jf^ part. It ia 
to this fact that localities where this gaa rises are un- 
f. Hecent experiments show that the vvatera of some 
a rivers, whose mouths are remarkably unhealthy, con- 
^ this gas in considerable quantity. In this case the sul- 
- retted hydrogen arises from the mixture of the waters 
IB aea, which contain salts of sulphuric acid, with the river 
water which is charged with organic matter. This forma- 
tion of sulphuretted hydrogen sometimes extends to a dis- 
tance of twenty-seven miles from the mouths of the river. 
The water contains sometimes as much aa six cubic inches 
irf sulphuretted hydrogen in a gallon. The copper sheath- 
ing of ships is very rapidly corroded in this water, and the 
crews are attacked with malignant fevers. 

Water at 64'^ dissolves 2^ volumes of sulphuretted hy- 
drogen, and alcohol 6 volumes. These aoiutions soon be- 
come milky when exposed to air, the oxygen of which com- 
bines with the hydrogen of the gaa and precipitates the sul- 
phur. In the same way deposits of sulphur are formed in 
(he neighborhood o( mineral springs- In sulphurous acid 
and sulphuretted hydrogen oxygen and hydrogen are united 
^'tO the same base, sulphur; when, therefore, these two gasea 
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txo brought together, they niutuaJly decompose each OthcTi 
the oxjgon of the one taking the hydrogra of the other* 
tad the Bulphur of botli being depoated. The veesel in 
which the two gases are mixed beconiefl coated with sulphtar. 
In this experiment, the space between the tubes and the neck 
of the bottle in which the gases are mingled, should be stop- 
ped with loose cotton, or a tube open at both ends ghould pass 
UTough the cork, that there may be a free communicalion 
with the external air. 

The disinfectants wliich we employed in places whert 
this goa rises, operate by decomposing it. Chlorine, iodine, 
imd bromine, decompose it by uniting with its hydrogen, and 
depositing ita sulphur. The oxygen of the air docs the same 
to B small extent, as mentioned aboTe. 

A remarkable instance of an atmosphere fully charged 
with sulphuretted hydrogen "being disinfected by hydrochlo- 
ric acid gas, (p. 104.) occurred in France in 1773, A cathe- 
dral atDijon, had become infected with putrid toiasma frota 
the bodies interred under the floor. Several unauccesafnl at- 
tempts bad been made to purify the air by explosions, aro* 
matics. Ice, until the buildmg was finally deserted. AppU- 
cadon having been made to Frof. Morveau, he took a guw 
TBBsel, supported by one of cast iron, and placed it on a few 
live coals in the middle of the church. He then put in nt 
pounds of commou salt, and two pounds of sulphuric aiai, 
and hastily withdrew. The gas soon filled the vast space, 
and coidd be perceived even at the doors. At the end of 
twelve hours tlie church was thrown open and ventilatedi 
when every disagreeable odor was found to be completely 
removed. 

Sulphuretted hydrogen takes fire when a candle ia im- 
mersed in it, but the candle is put out, and most burning 
bodies are extinguished by it. But when potassium ia heat- 
ed in this gas, it bums with great energy, and is converted 
into a sulphuret of potassium. The hydrogen that remaiiiB 
after the sulphur is in this manner withdravra by potassium, 
I 18 equal in volume to the original gas. Tin and many other 
I metals, when heated in sulphuretted hydrogen, combine with 
I its sulphur with flame. In all these cases the hydrogen 
r liberated is equal to the wdghl of the sulphur which com- 
bines with the substances introduced into the gas ; or, in other 
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n'BE EI.BUEKT3 AND TBEIB CDUBINATIONS. 

words, when the gas is decompoaed it ia separated into equal 
weigbiB of sulphur and hydrogen. For this reason its sym- 
bol is HS, or an e(]uivalent oif aulphur to one of hydrogen. 
Siniilar methods are often employed to determine the com- 
position of other gases. Sulphuretted hydrogen bums with a 
Deautifiil pale blue flame, producing water and sulphurouB 
add, part of the sulphur being deposited. ('") Two vol- 
umes of sulphuretted hydrogen to three of oxygen form an 
explosive mixture. A little strong nitric acid thrown into a 
b(ttt]e of this gas occasions the immediate oxidation of its 
hydrogen, and olten a slight explosion, when the escape of 
the vapor is impeded. 

Sulphuretted hydrogen tarnishes certain naetals, as gold, 
wlver, and brass; hence utensils made of these metals should 
not be exposed to this gaa. It also produces colored pre- 
cipttates from many metallic eolations, and hence is con- 
stantly employed as a test in the laboratory. When diluted 
■""h 20,000 measures of pure hydrogen, it sensibly blackens 
_ iooe of paper which has .been. dipped in a solution of 
MslB of lead.(") Letters formed with the nitrate or 
tate of lead are invisible when the writing is dry, but are 
luaTly brought out when the paper is held over a jar 
a which sutpburctted hydrogen is rising; the sulphuret- 
1 hydrogen takes the base, forming sulphuret of lead, and 
}»B8 off or sets free the acetic acid, if acetate of lead was 
Iployed, or the nitric acid, if the solution was one of ni- 
B M lead. Solution of sulphuretted hydrogen in water 
fae most common form in which this is applied as a 

~ A bright surface of silver is a stire test for the presence of 
Iphuretted hydrogen, which is instantly tarnished by this 
'>,and a black sulphuret of silver formed on its surface.('^) 
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Th» most delicate teel of the presence of eulpburetted hy- 
drogen, when iliSused in the air, ia moUt carbonate of lead 
■ptead on white paper. 



HlDBOPtuoRic Acm. 100 1900 HF. 

16S. This acid ia obtained by the decomposition of fluor* 
■par by strong sulphuric acid. This must be done in ft re- 
tort of pure lead, Hilver, or platinum, and requires a gentle 
heat. The fluor-epar must be pure, and eapecially free from 
siUca and the oxide of lead. 

Fluor-Bc 
Fluoridi 
Calcium. 

■«'■■"■ , laxjge. 

Sulphuric acid ^ulpb.of hmB.insolu.salL' 



Vl..r.r.«nar. or ( g^^ri^^ _,HYi>i.orLuoiMc aoiiiu.Y^J 

*" i calcium ■/ IP—- -^i «^H 

! hydrogen %,^^ 9^^^l 

oxygen -N^ — oxide of calcium, liml^^^ 
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Hydrofluoric acid at 32° is condensed Into a colorkes 
fluid, with a density of 1'069. In ihia state it can be pre- 
BBTved, even at a temperature above 32°, in well stopped 
bottles of silver or load. Its avidity for water ia extremet 
and when brought into contact with it, the acid hisses lilee 
red-hot iron- It is the only liquid which diaeolves, to any 
great extent, flint and glaaa. It cannot therefore be k6^ in 
glass vessels. It is often used to etch glass. For this puz- 
pose it is used in the laboratory for marking test bottles, and 
for deagns on glass-plate, which are first traced through a 
«04tbff of wax- The glaaa having been thus prepared, is 
placed over a vessel of lead in which there is an equal weigfat 
I of fluor-Bpar and sulphuric acid. A gentle heat is applied U 
this vessel, and the hydrofluoric acid produced from this mix- 
ture will attack the glass in the lines which have been traced 
thrtMgh the wax. The operation is completed in a few 
miuutes, and the glass ia then removed and cleaned by a 
little warm oil of turpentine. Liquid hydrofluoric acid may 
he employed for the same purpose, but the etching is not so 
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diatmcC aa when vapor is used, for, in this case, the fignrea ■ 
as, transparent as the rest of the glttss.f^^) 

Hydrofluoiic acid possesses the acid properties in a very 
high degree. Its action on some of the metaJH is very pow- 
erfliL With potassium it unites with explosion, evolving light 
and heat. It attacks and dissolves certain hodies n'hich no 
other acid con aHect, such as silicon, zirconium, and co- 
himbium, forming Jluates of these substances, and setting 
free its own hyJrogen. It ia a most dangerous sub- 
stance to experiment with, as it attacks all animal sub- 
Btances with wonderful energy. The smallest drop of the 
concentrated acid produces ulceration and death when ap- 
plied to the tongue of a dog. Its vapor, floating in the air, is 
very corroaive, and should be carefully avoided. If it falls, 
even in small spray, on the skin of the hand or any other 
part of the body, it produces a maUgnaut ulcer, which is very 
difficult to cure. Any considerable quantity of it would 
prove fatal. Its property of dissolving silica affords a 
method of analyziug siliceous minerals. It readily combines 



with the silica of these minerals, when ii 
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but variettea of quartz. It is ol^en beautifully cryBtallized 
in fax-*ided prissu and six-sided pyramids, and so transpOFent 
lliai ornamental stooesare often maJe from them. The or- 
namental stunescallod Bohemian diamonds, are composed of 
quartz. Some of the forms of the cryslaht of quartz are te- 
pretentod in tlie preceding figures. 

The red cornelian, the violet atncthyitt, the green jasper, 
the variegated agate and jasper, the opal and chalcedtmy, 
consiat c* silica; their colors are derived chiefly firom me- 
tallic oxides. 

167. Silica may be procured in suiRcient purity for moat 
ptirposes, by igniting specimens of rock-crystal, and throw- 
— .1 — while red hot into water, and then reducing ihem 
to powder. But to obtam tlua 
substance in a state of complete 
purity, a mixture of equal parts 
of fluor-spar and glass, both fine- 
ly powdered, are put into a flask. 
(Fig. 59.) Upon this mixture, 
sulphuric acid is poured. A 
vi-ide bent tube passes &oin the 
flask ii> the bottom of a gUes jsr, 
in wliich enough mercury ia 
poured to cover the extrenu^ 
of the tube. The jar ia tben 
about two-thirds filled with war 
, and heat applied to diO 
► flask. The first eflect of lbs 
action of the sulphuric acid on fluor-spar is the disengage- 
ment of hydi-ofluoric acid (166.) This, however, being in 
contact with the powdered glaaa, is decomposed, and ■ — "™ 
and fluoride of silicon formed. 
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FENTB AND THEIR COUBINATIONB. 

■ ( The^iwn/fe ofsilicffn escapes tlirough the tube, and riaes 

"m the mercury inlo the water above. Aa ilie bubbles 

□e in conttict with the water, they are decomposed; the 

sric acid unites with the water, and pure eiUca separates 

It ihe form of a beautiful gelatinous mass. This deuompo- 

dtiou is represonled by the following diagram : 

fluoride of ( ellicon -^Silica. 

J fluorine^ ^..-^ (™™i..uBd.»oi.=ju6«"i«"-"Uia.i 

* ' I hydrogen— X 

iride of silicon -^hydrofluosilicic acid. 

'he gelarinoua sihca may be removed frora the water, 
dried on a filter. A cloth niter is uaed for this purpose, 
the silica, after being well washed on the filter* and ilried, ia 
heated to redness to expel the water. It is important iu 
this experiment to keep the end of the tube ao far beneath 
the surface of the mercury, that the babbles of gas will not 
come in contact with the water imtil they have left the tube, 
otherwise the gelatinous silica formed at the mouth of the 
tube may entirely close it and prevent the passage of the 
gae. 

168. Pure silica is a very fine, white, tasteless powder, 
wlucb feels rough and dry to the touch and ia gritty between 
■" a teeth. It is infusible, except by the moac powerful heat 
the oxy-hydrogen blowpipe, or by galvanism. In a state 
fusion, it may be drawn out into threads, liie glass. If 
dropped in this state into water, it solidifies to a transparent 
mase, &eo &om flaws, and remarkably hard and tough, so 
that it sustains tho blow of a hammer without breaking. 
The same effect is therefore produced as when red-hot steel 
]a plunged into water. Though not itself volatile, yet when 
Bteam is passed into a mass of silica, heated above the 
melting point of cast iron, it is volatilized in large quan- 
tity, and deposited in the form of snow. Boracic acid(144.)i 
iVDlatilizes in a Bimilar 
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Silica, udIms recently precipilated, U not aeneibly soluble 
tu wuer and dilute acids. Although a very ponexfo] vdAi 
It does not uiuoUy maDifest its acid propertiea on aceoani of 
its isAolubiiit}'. But when heated with the bases, esoecially 
with bases which are fusible, it unitea with them and forms 
true salts (145.) Wlien the proportion of base is coQfiid(3'»- 
ble, the salts of silica are soluble, as the silicates of potash 
ancl soda, which are soluble in water. But where eilicia 
acid is in excess, as in all the silicates which e^ter into the 
composition of glass, these silicates are insoluble. Und^ 
high degrees of pressure and temperature, or by slow action 
uiuler ordinary pressmre and temperature, a small portdon 
of even these silicates is dissolved. 

169. Silicic acid is nearly three times as heavy as water, 
its specific gravity being 2-66, In the arts, it is employed 
chiefly as a component of glass. Every kind of glass is a 
wlicato, and all its varieties are produced by different pro- 
portions in the constituents employed, or by the impurity of 
the materials. Thus green bottle glass is made of impure 
liver saod, and the most common kind of kelp or pearl 
ashes. The iron contained in the river sand, united with the 
impunties of the alkali, gives this kind of glass its color- 
Crown glass, for windoivs is made of a purer alkali and B 
sand which is free from iron. Plate glass for mirrors is 
composed of sand and alkali in their purest state, and, in the 
formation of flint glass, besides these pure ingredients, a 
considerable quantity of litharge, or red lead, is employed. 
The black oxide of manganese is also used to render glau 
colorless and to improve its transparency. The manganeM 
not only becomes deoxidized itself, but also deoxidizes 
any oxide of iron, or other metallic oxide which may be 
present. (") 

170, Almost all springs, as well as plants, contain small 
I quantities of silicic acid. K we evaporate spring water wo 
I find silica in the insoluble residue, and if we bum a plant, 

silica remains in the ashes. Grasses and different sorts c^ 
grain are particularly rich in silica, and, for this reason, have 
Seen called #t/*c«*iM ^anfci. Silica is to these plants, what 
bones are to men, &e substance to which the stalks owe 
their firmness. If the soil is deficient in soluble silica, the 
stalk will be so weak as to bend over. The horse-tail plant 

169. What is the pHncipsI uas of silica in thi aiU I To wImI m tb* dif- 
ferent ruwiies of glnn owioel Whu ii Iha ccmpagiiioii of creen hoWS- 
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(Equisetum) contains ea much eilica that it may lie used in 

•WliBbing wood, horn, and some of the meialB-C") Many 

iBCroscopic Miiinale have ailiceoua coverings. 

f The siliceous minerals, such as rock-crystal, quartz, chal- 

lony, flint, &c., form a lEirge part of the crust of the 

"'- SiHca also predominates in the principal rocky 

i of the globe. 

■71. The following table exliibiCs the composition, ( 

png DUmbers, and symbols, of those elements, and t1 

kpounda which have now been described.* 



SIMPLE ELEMENTS. 

a ENS. PrsosiHi. 

lygen O. 8. j Sulphur S. 16.1 Chlorine 

''rogen H. 1. Selenium Se. 40. Iodine 
rogen N. 14. Phosphonis P. 31. Bromine 
jblxni C. 6. 1 I Fluorine 



Ipbur 
Ixygen 



ACID COMPOUNDS. 

1. OXVGEN ACIDS. 

16 1 Sulphurous acid 
8 ) Sulphuric acid 
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Fluorine F. 19 ) Hydrofluoric acid, ^j-r, 
5 or Fluoride of ?f. 

Hydrogen H. 1 ) hydrogen i-MS— JH 

17S. Tbis table is founded upon the tenth law of c 
(p. 63). This law is, " when a body, A, unites with otb^ 

aciil cmopDUodi of nilrogen end oiygen ; 
cmbon and oiygen ; — chlorine and oiygen ; — i 
tiiaetcid Mmpounds Mlled! Adj.— Oijgeo »cida. Wiiw"lheis 
and cjmbolv of the hydnweD acids- 

172. Upon what Uw ofiffinitj ii lM» l«ble founded '. Stale Ihii Uw, ] 



TRB BLEMENTB AND THEIR COMBINATIONS. 

bodiesi B and C, ihe proportion in which A unites with 
B and C, will represent the proportion in which they will 
unite with each other." Thus in tbe above table let hydrogen 
be represented by A, and let the other bodies with which 
hydrogen unites, be represented by B, C, fitc. ; then the pro- 
portion in which hydrogen unites with these bodies, will re- 
present the proportions in which they will unite with each 
other. Since A, or hydrogen, unites with B, or oxygen, in 
the proportion of 1 to 8 {forming water— see table,) and also 
with C, or sulphur, as 1 Co 16 (forming sulphuretted hydrogen 
— see table,) therefore the compounds of sulphur and oxygen 
are as the numbers 16 and 8. Thus sulphurous acid —SOj= 
16+8X2. Sulphuric acid— SOa=16+8X3. Should any 
new compound of sulphur and oxygen be discovered, the pro- 
portion of these two elements will be expressed by some 
multiples of the numbers IG and 8. If, therefore, any new 
compound should be sought for by experiment, the experi- 
ments would be in the following series, 16X(1, 2, 3, 4, Sec.,) 
for the sulphur, and 8X(1, 3, 3, 4, &c.,) for the oxygen. 
Sometimes, however, what are called sesqui* compounds 
occur, a aeries of which ascend by the multiples i, 1, Ij, 2, 
2i, 3 &c.'; thus A unites with i, 1, li, 2. 2i, 3, proportions 
of B, or 2 A unites with 1, 2, 3, i, 5, 6, B. The idea con- 
veyed by the first proportion oi Jractiona is not strictly cor- 
rect, for the atoms of matter are indivisible. Half an atom 
of A cannot combine with an atom of B ; by multiplying 
this proportion by 2, we obtain the second, in which the frac- 
tiona are avoided ; this, therefore, represents more correctly 
die method of combination among what are usually called 
fiequi compounds. 

The second part of the table gives the combining numbers 
of compound bodies. According to the eleventh law of af- 
finity (p. 63.) the rule for compound bodies is, " add together 
the namhers correiponding to the elemeKls (^ the compotmd 
body ; the svm will represent the prt^ortion in which the com- 

CTtd enters into comhination." Thus the combining num- 
of sulphur is 16, that of oxygen 8, therefore that of 
sulphurous acid (SOa) is 16-|-8X2^32, and that of sulphu- 
ric acid (SOj) ia 16-1-8X3^40. 
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173. The neutral C0Tnpaun<ld of liie non-melallic e 
or compounds which have neiiher acid or alkaline 
ties, are nitrouB and niiiic oxides, carbonic oxide, li^t cftf- 
buretCed hydrogen, olefiant gas, and phosphuretted hydro^eni 
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174. NUrour oxide, jrroloridf of Kitrogen. "WTien nitrate 
of anunonia is exposed lo a moderalo heat, in a glass flask 
or retort, nitrons oxide ia driven off and may be collected 
over inarm water, or in water preTionsly satnrated frith tho 
game gas. The nitrate of ammonia should not fill mtire 
ihan a ijuaner of the retort as it is very apt to foam. Too 
much heat decomposes the nitrous oxide, and forms nitric 
oxide and nitrous acid. The nitrate of ammonia, whicb, 
by heat alone, gives off nitric oxide, is composed of nitric 
scid, ammonia, and water (of crystallization]. 




Nitrous oxide is a colorless gas with a faint and agree- 
able odor, and a sweet taste. It supports the combuatioit of 
a taper, or a piece of phoHplionis, with almost as much ener- 
gy as pure oxygen; It is, however, easily distinguished Jron 
oxygen by its solubility in cold water. It is absorbed by 
water in nearly equal volumea.(*') When a recently ex- 
tinguiahed lamp with a red wick b introduced into ii, die 
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stantly restored. Sulphur, when burning feebly, 
is extinguished, but when well ignited its flame is consider- 
ably onlarged.(*') When mixed with an equal voliime of 
mgen, nitrous oxide may be exploded, liberating its own 
me of nitrogen,{*') 
By the presflure of 50 atmospheres, at 45°, nitroua oxide 
xnnes a. clear liquid, and, at 150° below zero, it freezes 
t. a. white anow-like masa. By the evaporation of thie 
I cold is produced, far beluw that produced by the 
irion of solid carbonic acid in a vacuum (p, 100,) or 
ir than 174" below zero. Solid nitroua oxide placed in 
I band, by its sudden liquefaction and evaporation, pro- 
as intense cold, forming a biieter on the hand like a bum. 
kigle drop of liquid nitrous oxide alsn produces a wound 
■ • Inim. Metals dipped in this liquid produce a biasing 
' 1, like that produced fay plunging red hot iron into 
'. Ignited charcoal swims on its surface and bums 
d a vivid light, while sulphuric and nitric acids are im- 
liately frozen by contact with it. Water freezes in con- 
l with liquid nitrous oxide, but at the same time causes 
Revaporation of the nitrous oxide with ft rapidity almost 
ul to explosion. 

Nitrous oxide gas is more than once and a half heavier 
pi air {sp. gr. 1-525.) The moat remarkable efl'ect of this 
k is its intoxicating- effect on the animal system. When 
aled it produces a strong proponaiCy to Laughter, a rapid 
r of ideas, and an unusual disposition to muscular exer- 
Thia state of excitement is not followed by depression 
I the case where alcoholic stimulants are used. To 
B constitutions, however, this gaa is injurioua, producing 
D inhaled, giddiness, headache, fainlneas, and other diaa- 
sable symptoms. An animal confined in this saa soon 
s from the prolonged effects of the intoxication. 
^175. Tfitric oxide, deutoxide of nitrogen, ia formed 
f dilute nitric acid to copper clippings or turnings. 
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What dggrCE of cold ia obojned bf the evapontiDn ol uM niMiJUS QvAn\ 
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Nitric oxide b a coloHess gas. In contAct with air, or 
ozygen gas, it produces deep red ftunes of hi/ponitrmu add 
(p. 96.) Thia acid is formed when four measurea of nitric 
oxide are mixed with one meaaure of oxygen, the gases b»- 
ing perfectly dry, and at a temperature of zero. It ia a 
thin, mobile, colorless liquid, which becomes green at the 
ordinary temperature of the ait,{**) 

The property which nitric oxide possesses of forming red 
fumes of hyponitrous acid on contact with air, or oxygen, 
■crvM to (hstinfruish it from all other gases, and ia also a- 
convenient test for free oxygen. Wherever oxygen is free 
or imcombined, it ia at once detected on the addition of ni- 
tric oxide by the red fumes produced. 

Cold water absorbs about three-fourths of IIb volume of 
j nitric oxide, and acquires a eweetiah taste. The strong af- 
' fiiiity with which nitric oxide retains its own oxygen, and 
sb«orb« oxygen in a free state, renders its action unfavorable 
in most cases of combustion. Many bodies that will bum 
in nitrous oxide, which contains but one equivalcut of oxygen 
(NO,) will not bum in nitric oxide, although this contain* 
two equivalents of oxygen (NOj.) Burning sulphur and a 
Hghteo candle are instantly extinguished by it, but phospluh 
ms and charcoal, if in a state of vivid combustion when in- 
troduced into this gas, bum writh increased brilliancy,('*) 
It is somewhat heavier than air (sp. gr. 1'5S5). With an 
equal bulk of hydrogen it forms a mixture that burns rap- 
idly vrtth a greenish- white flame. It cannot be breathed, aa 
it produces a strong spasm whenever the attempt is madeta 
inhale it. ^h 
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powdered, yellow prussiaie of potash. By a genile heat the 
salt is entirely decorapoaed, and the gae may lie collected 
over water. It is a colorless, almost inodorous gas, burn- 
ing will) a beautiful blue flame, such as is often seen on a 
freshly fed coal fire. The carbonic acid, (COj) produced in 
the lower part of the firo, is converted into carbonic oxide 
(CO) as it pasises through the rod hot coals, which with- 
draw a portion of iia oxygen. From the red hot coals it 
pKsses at a high temperature into the air, from which it im- 
mediately takes an equivalent of oxygen, burning with its 
blue flame and being converted into carbonic acid. It does 
not support the comoustion of a candle. 

Caruonic oxide, and carbonic acid, illustrate the fact, that 
bodies whose composition are very nearly aliie. may be entire- 
ly diflerent in properties. While carbonic acid is heavier than 
air (sp. gr. 1-524), carbonic oxide ie lighfar (sp. gr, 0-973). 
Carbonic acid is rapidly absorbed by water, carbonic oside 
IB not absorbed by pure water, or even by lime water. 
Carbonic acid does not bum, while carbonic oxide mixed 
with half its volume of oxygen explodes. It explode also 
when mixed with nitric oxide. Carbonic oxide has no acid 
properties like carbonic acid,(*'^) It is much more poison- 
ous than carbonic acid, producing a state of the system re- 
sembling apoploxy.(^'') Small animals immersed in it die 
instantly. 



12 2 CaHj. 

177i Light carbwetted hydrogen, fire damp, is found 

abundantly in coal mines, being disengaged from the ireah 

cut surface of the coal, and from remai'kable apertures called 

"ftWowers," which emit for a groat length of time a copious 

am or jet of gas. It is also found abundantly in stag- 

; pools during the decomposition of dead vegetable 

ter. From these place? it may be obtained by stirring 

B mud at the bottom, and collecting the eas, as it escapes, 

Jsn inverted jar or other receiver. In tins state it contains 

B or twenty per cent, of carbonic acid, and a small portion 

The carbonic acid may beremoved by agita- 

ITG, How ti cirbonic otxAe picpaied T What std some of its propeities t 
OowiacubaoicoiidBlbriDcd in coal Gees' Whal is iu effect on iV aaiuo of 
■|e' In what reapeiu do t ' " - » - -> .■-.■•■" 
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on fir« and thrown iotu the enemy's camp, couM not be ex- 
liiiguiabed, fur they contained in their own composition all tlie 
dratenta of combustion, and the energy with which they burn- 
ed maintained constantly a very high temperature. When 
Constantinople waa attacked in the reign oi Leo, many of tba 
abipsof the besiegers were desiroyedby thiscorapoBitioD.C) 
On the other hand, the absence or deficiency of either thd 
supporter of combustion, the combustible body, or the re- 
quisite tempemture, prevents combustion. Too much fud 
put on a fire smothers it, because the air, the supporter of 
corobnstion, in shut out from the fire, or cannot act on tha 
fire in sufficient quantity. If the fire is not replenished> it 
eoea out, liecauae the combustible has all been consumed, 
Uiat is, it has all united with the oxygen of the air. In tUs 
case, the supporter of combustion may be obtained in inex- 
hatutible quantity from the air, and therefore as lon^ as the 
fuel is supplied, and the air allowed free access, ibe com- 
buBtion will be mainiained. When blown by the bellows, 
the fire bums with greater energy, because the oxygen of 
the air is brought more perfectly into contact with the tiiel. 
" " ■ ■ . furnaces, ■ " " - •■ 



For this reason, in wind fumaccB, the fire is rendered intense- 
ly hot by the blast of air, the efiect of which is more in pTO> 
portion to iu velocity than its quantity. Tlie blast of airia 
tncreased in two ways, by increasing the draught of tha 
chimney, and by bellows and blowing machines. Tha 
breathing of a raulliiude of persons in a building soon ex- 
hausts the air, to a great degree, of its oxygen. In such 
assemblies, therefore, the lights have sometimes been ob- 
served to hum very dim, owing to the great deficiency of 
oxygen, and the production of carbonic acid, 

179. P/ienomcna and caMseofJlame. When the tempera- 
ture of inflammable gases is raised very high, and in contact 
with the air, they bunt into a fiame. If previously mixed 
with a due proportion of oxygen, or of atmoapberic air, diey 
txplode. In the first case, the supporter of combustion (oxy- 
gen of the air,] was aitirely on the surface of the flame(""ji 
m the second case, it was mixed in with the gas, and 
the combustion was therefore instantaneous and throughout 
its mass. Ordinary flame is produced by the contact of air 

of too much fuel imothei D fireT Whv dooa Lbe lire go oul when nol lepknulb' 
ed! When blown by B bollows why does a fite lium with giBBieieoerCT! 1» 
Uw effect of a blast of lir mors in propgrtiou la iu quantity or its Telocilj f 
Why do lights loniotiiaes'tFuro dim in aciawded asiemblyT 

17B. Under whit citcnrasiance* do gaaei buret iaM s flante ! In what wnj 
tregmsea eiploded T When ue gueg laid In bunt willi ■ fluna ! — ritb eijilb 
Bioa! Explain Fig, BO. Of vtwl two gnsei » bmw Gom;iiK&.\ Wtash^M. 
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with the surface of the ignited ga8 ; lience, o 
only does the comhustion of ordinary flam 
Flame is therefore hollow.(**} It presents a cone of gaa' 
(Fig. 60.) This cone consists of a dark central part, A, anr- 
rounded by a highly luminous cone or envelop, B, 
and on the outside a second cone, C, feebly illumin- *' ' 
ated. The flame may be considered as made up K 
of two gases, carbon and hydrogen, of which hy- //i\'^ 
drogen possesses far the greater attraction for osy- //\\~° 
gen. Therefore, at a little distance within the sur- |/YJ-a 
face of the flame, the hydrogen takes all the oxy- ^jj/ 
gen, and the carbon, thou^ intensely ignited by pM 
the flame of the hydrogen, is not burnt. This is I I 
the origin of the light, for the solid particles of carbon, when 
thus intensely ignited without the possibiiity of being burnt, 
give out great light, {^') This unbumt carbon of the inner 
flame collects at once on any solid substance placed over the 
flame. The mode of deposition may be best seen by draw- 
ing a piece of wire-gauze over the flame so as to reach to 
B.(*') III the exterior cone, C, these particles undergo 
combustion, and, in this stale, produce less light than while 
intensely ignited in the inner flame. 

180. That the light given out by flame is ov/ing to the 
Bolid particles of ignited carbon, is evident from the fact that 
flames which contain the least carbon and the greatest 
amount of hydrogen ^ve little light. Such is the flame 
of a spirit lamp. This, and the Eanie of pure hydrogen, give 

Cat heat but little light. Their great heat arises from the 
: that little or none is expended in igniting carbon, and 
this absence of carbon accounts also for the little light which 
they give. If any solid matter, as magnesia or lime, be 
thrown into the flame of hydrogen, this flame instantly be- 
comes more luminous. If a platinum wire be held in the 
eame flame, it will become ignited and give out an intense 
white light. If, on the other hand, the sohd carbon is burnt 
in such a manner as not to be intensely ignited, the flame 
gives out but little light. Thus if coal gas (185.) be min- 

IhaQuDeT What then ii Ihe origin of ibe light of flaroe T How may the nn- 
linint cBibon be itiawn by eiperimeat ! What ia said of ihe csrbon \D the ei- 

ISO, What fact* show Ihat (he lighl eirRn out by flime ia owing \o Ihe igni- 
tion of wliil paniclei of carbon T Whal i^fT^GI is pmduced by tbroning aolid 
BiBnBrinBBlalBofminalediiiaioninto a hydrogen or alcohol flame ! Whai 
efleel has s hydiogeo flame on a plolipum wire ' [a the lit\n o\ ftt.™ \fc- 
cnued or diminished by burning more efCectuallj rtie oaAoal l\o^ >»' 
tbowB in the caae ofaaalgas f 
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gleJ wUh an equal liulk of air, ihe carbon bunu mors 
readily anil becomes bo feebly ignited thai the gas loses half 
ib illominaling power. 

ISl, Wben flames are cooIeJ ihey are at the same tiiiw 
exiingriished ; hence, when a piece of wire- 
gauze is held ID a flame, the smoke will paM 
through, but become too much cooled to igniu 
above. When ih'ia smoke is heated by a 
second flame brought near to it, it lakes fire 
and bums above the wire-gause.C*) Upon 
this principle the tafety lamp, (Fig. 61.) is con- 
structed. C is a cylinder of wire-gauze, vrhich 
terminates in a metallic iing, iL This line 
screws on to the lamp, L. E is a tube extenf 
ing nearly to the bottom of the lamp, that dM 
end of this lube may be always covered with 
the oil of the lamp, and com muni cation be- 
tween the air vi-ithin and without the lamp, is 
tliis way, prevented. Through thia tube tiw 
lamp is filled with oil. At F, isseen the flame 
and a bent wire for trimming the wick. 
When this lamp is carried into an atmosphere charged 
with eicplosive gas, a blue flame is observed wilhin die 
gauze cylinder from the combustion of the gaB, and tfas 
Same in the center of the lamp may be extinguished. To 
provide against such cases, a coil of platinum wire b Wi»A- 
ed to tho wick, which relights the lamp, when the Baiii0' 
•peedily rolurna to better air. This coil remains ignited by 
the property which platinum wire posaesses of decompoOBg 
oils, alcohol, &c., as will be explained hereafter. 

182. The blowpipe is designed to concentrate the heat of - 
flame on a small object by a current of air 
n through the flame. The blowpipe 
i, (Fig. 62.) is ignited nearly through' 
' out, but different parts of the flame differ 
in their degree of ignition, and the extent 
to which the gas of the flame is consum- 
ed. Thus at the center of the flame, or A, the gas is perfectly 
consumed, aa thia is in the direct line of the air blown from 
the mouth. On the outside, or surface of the flame, the gas 
is also consumed, but between the outside and the center 
of the flame, there is a thin stratuio which is unconsumed. 
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wliidh accumulates towaidB the extremity, in the space 

B to C. This space, conseouenlly, has a white color) 

differs in chemical properties trum the rest of the flame. 

point B, the gtisoa are so hot that they have a power- 



sequenily absorb 
I tfaie pan of [he 
reducing fame, oa 
iKample, when the 
> thiu part of the 

1 out by the blaat 



liatCraction for oxygen, wliich they c 
loat Bubstaiicea tliat are placed 

. ._. This part is ilierefore called the r. 

it reduces bodies from their oxides ; for i 
oxide of lead is exposed on charcoDl tc 
flame, pure lead is reduced, or obtained. 

The outer portion of this flame is draw 
of air into a long cone, BC, the termination of which is 
blue color. In this part of the flame the gases are not so 
hot, and do not turround the object at the termination of the 
cone, at C. Hence, when a body is placed in thia part of 
the flame, its oxygen is not talten away from it, but usually 
k acquires more from the atmosphere. This portion of iho 
flame is therefore called the oxidizing fame. The hottest 
part of the blowpipe flame is a point between the outer 
and the inner flame.f''^} 

183. The oxy-hydTogen. hloicpipe is an instrument which 
produces the most intense heat by a flame of 
hydrogen and oxygen. These gaaes are kept 
to separate reservoirs but are made to unite 
by a compound gas jet. In Fig. 63, c and e 
are india-rubber tubes, connecting one with the 
hydrogen and the other with the oxygen gas- 
ometer. These are fastened to brass tubes pro- 
vided with Btop-cocks, b and d. These tubes 
unite in the compound jet, a. The construc- 
tion of thia jet is represented in Fig. 64. The '^ 
central dot la the aperture at which the oxygen issuea. '' 
To this aperture it is brought in the tube represented 
by the dotted line. Outside this tube, and between 
it and the tube marked a, the hydrogen passes and 
issues betiveen the two tubes, and aromid the jet of 
oxygen. The gases therefore do not mingle until 
they leave the tubes and at the flame itself. There is, there- 
fore, no danger of explosion, while the hydrogen, being sup- 
plied within by the oxygen from the gasometer, and without 
by the oxygen of the atmosphere, burns in a flame of great 

of Ike hlonpipe fiunc a called Ihc raduciag flsiae ! Why ia il so called ! Wtnt. 
is HHUit by the Diidiiing Bune of the blonpipe ? Why » Vbw » -' '- 
,183. WhHi is said of the oxf-hydnigen blowpipe 1 EiplunFift. 6i.- 
(y do Dol tie mjiedgsaeg in Ihis tjowpipa eiploiU \ To «urti "u 
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Tbe quantity of the two. eases c 

by the stopcocks, i und iJ (Fig. 64.) 

By Uie oxy-hydrogen blowpipe, substances peHecdyll 

t (iuiblfl in a coinnion furnace melt at once. Platinum ineltB 

' like wax, and ia even volatilized. By bringing the flame to 

bear on a cylinder of lime, a moot intense light is produced. 

Xliia U the principle of the Drummond Sght, aa will be 

ahown hereafter. 

181. Heavy carburtUed hydrogen, olefiant gat. This gss 
bu twice as much carbon as light carburetted hydrogen 
(p. 121). It is prepared by mixing alrong alcohol with five 
er nx times its weight of sulphuric acid, in a capadoua re- 
tort, and applying a gentle beat to the mixture. If too much 
»lieBt ia applied, ibe mixture foams up, and is apt to run out 
at the neck of the retort. Towards the latter part of the 
<4q>erBtion, carbonic and sulpburoua acids are riven off The 
•opertuiun, therefore, should bo diaconttnuca after the gu 
eeaaea to come over freely. 

»W carbon — ^Olefiant Gis {CiH, or CjHa| ^ 
Alcohol, S 6 Lydrogen-r^ "™" °""«"' ^^^1 

\ 2 oxygen— V-waier (HjOj or HO.) ^^H 
pulphuric acid ^dilute sulpb. acid, ^^^^H 

Olefiant gas is colorless, tasteless, and inodorous. Wals 
sbflorbs one eighth of its volume by standing. It bums vrith a 
splendid white flame-C") It extinguiabea a candle, for 
gather of its elements ia a supporter of combustion. It is 
much heavier (sp, gr. 0-981) than light carburetted hydro- 
gen (ap. gr. 0-559}, but both these gases are lighter than Mr. 
A mixture of one part of olefiant gas with three parts of 
oxygen, when inflamed, explodes with a loud report. It abo 
forms an explosive mixture wiih ten parts of common 
ttir.{") Chlorine acts upon olefiant gas in a remarkable 
meumer. When the two bodies are mixed, even in the dai^ 
ihey combine ia e^ual meaaure, and give rise to a heavy 
oily liquid of Bweetish laate and ethereal odor, to which the 
name of chloride of hydrogen, or Dutch liquid, is given. It 
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a ihe formatinn.of tliis oily subataTice by the n 

I gasea, that the term olefianl, (oil making,) ia derived. 

_Wben mixed with twice its volume of chlorine in a tall jar, 
■ud lighted on tlie top, it burns with a splendid red flamOi 
leaving a dense deposit of carbon on the interior of the jar. 
In this eitperiment, the chlorine and hydrogen unite, forming 
hydrochloric acid, and the carbon is set free. Oleliant, goa 
is decomposed by being passed through a tube heated lo 
bright redness. If the temperature is very high, a deposit 
of charcoal ia produced, ana light csrburetted hydrogen, or 
even free hydrogen, given off. 

Olefiant gas is given off naiurally in great abundance at 
several places. A natural supply of thfs gas, mixed with 
'" bt carburetted hydrogen, is used to light the city of Frw- 
nia, N. Y. It also occurs at Salina, and at Niagara, at the 
e of the river above the rspids. At some of the salt 
n-ks at Kenawha, Ya., the kettles for evaporating the salt 
I heated by conducting the burning gas under them. 
iBt quantities of this gas are given off from the Artesian 
gB in those region8.("*) 

« gat taed in lighting cities, owes its illuminating pow- 

f oleiiant gas which it contains, Explo- 

r from the gas becoming mingled with the 



i'of the house, by e 



a from the jet. Only one-tenth 



; of the gas is required to render the air explo^ 

e gas for hghting cities is usually mode from coal. Were 

aot for its greater cost, ot^ gaa would be much preferred 

^that made from coal, for it possesses far higher illumin- 

jmg power. It is made by dropping oil into a red hot iron 

tort, filled with coke, which exposes a large ignited but- 

I the oil. Illuminating gas may also be produced 

indantly from cotton seed, and of a finer quality thao 

t from either coal or oil, a pro " - ■■■ ... 

pjcribed by Professor Olmsted.* 

[l85. CotU gas. 
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ire Uiroe retorts which prn}<>ct oat frDtn Uie bricli worfci b, 
to a distance anfficient lo alfoir the pipea. r, f , r, to paaa otu- 
Mde of the furnace. Tbcee pipes pass from the retort inio 
s large pipe called the hydravlic mani. They enter through 




a stratum of condensed tar and water, which coveis 4 
bouom of the hydraulic main, and terminate in thimhttt, 
ftf,f, which are supported above the pipea by bolts, g. g, g. 
A small pipe, h, carries olf the excess of tar and water, 
vhieh condenses in the hydraulic main. This pipe descends 
into the short cylinder, i, into wliich, consequenlly, the ex- 
of tar and water is emptied. When the cylinder is 
,.Jled to the level of the pipe, J, the tar and water flow off 
^trough thia pipe into the tar well, which is not represented 
in the figure. 

The gal rises through the pipes, c, r, c, passing iJirongb 
the thimbles, ^^ly.y, beneath ibe stratum of^tar and water, 
and babbles up into the space above. From the hydraulic 
main it passes through the pipe, k, and descends into die 
large cylinder, I. In this cylinder it meets with a very small 
stream of water, m, which is brought through the pipe, jn, n^, 
&om a reservoir of water, at an elevation of fifteen or 
twenty feet above the cylinder, I, and consequently isaues 

185. EipUin Kig. 65. Which of 1 
Bo»> ii tlus effrclcd! What ii [I 
Empof^ a reiDOTed fioni the gu m 
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%nth great force. Striking on a projection within the 
cylinder, thU stream is dissipated in spray immediately in 
mint of ibe stream of gas. The object of this arrange- 
ment will be explained below. Tlie water from this spray 
collects on the lowerpart of the cyliiider, and passea off 
through the pipe ». The gaa is carried off iu the pipe o. 

The retorts, a, a, a, are opened, and coalC^) thrown in 
rapidly. To this, in some cases, a single ahovel-iull of rosin 
id added. The doors of the retorts arc then closed and 
screwed up, so as to be air tight.{'*) The gaa is dirren off 
by the heat of the fire, beneath tbe retorts. In this state it 
is BO impure, as to be unfit for the purposes of illumin^ion. 
The first object, therefore, is to remove these impurities. 
By a diminution of temperature, as the gaa passes through 
the pipes, c, c, c, and into the hydraulic main, most of the 
eoal tar and watery vapor is condensed. Tbe remainder is 
afterwards condensed in the pipes and cylinders, through 
which the gaa parses. The object of the thimbleB,_/^ J] J'.ia 
to br*ak ike amnectiott between the pipe», c, e, e, or between 
tbe retorts, a, a, a. By this arrangement, when one of these 
retorts is opened, the gas from the other retorts, and the 
hydraulic main, cannot descend through the pipe, c, and 
escape into the air. 

When the tar and watery vapor are condensed, the neatt 

, object is to absorb the ammonia, which is another impurity 

■ the gas. This is done by the small jet of water in the 

hrUnder, /. The very fine spray into which this jet is dis- 

yiated, brings the water and tbe 

' Lto perfect contact, and pro- Fig. 66. 

a complete absorption of tlie 

• The remaining impurities of the 
■a are, chiefly, sulphuretted by- 
Pogen and carbonic acid. To re- 
o these, a box, a, (Fig. 66.) 
nining slaked lime is employ- 
The construction of this box 
n Fig. 67. The gaa en- 
, beneath a frame work 
E wire-eauze. The slaked lime 
\ plac^ upon this wire-gauze, 
mgh which the gas passes and 

ftplain Fig. 66.— Fig. BT. How \i ihe purity of lUe %ta allei ?»* 
^MJnta boiei deteioiin«l 7 TowhuC daeilhe gupusfTDtnl^tSBe 
fibia Ikejiriitciplr ofxiifaiomPt^.—iM coeKiUcIiou,. Fot *y»* ' 
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I llie box ftt c. By passing ibrrmgh the apertam 

of the wire-gauze, the gas is brought into perfect contact 

with the lime. It ia necessary that the gas should pane 

through three of these boxes, before it is Bufficienlly pure 

for use. The degiee of its purity, Is detennined by te*t- 

^^_ jNi^/j, which are prepared with acetate of lead. Uite of 

^^K^ese teat-papers u held over tbe stop-cock, d, (Fig. 66.) 

^^BSvhich is then opened, and a stream of gas let out on tbe 

^^B|>Bper. If Kulpbureitcd hydrogen be present, it immediately 

^^Kllackens the paper, by the formation of sulphuret of lead. 

^^H This effect is instantaneously produced by the gas from the 

^^B first box, after Bomoiime by that from the second, and not 

^^B M all by that from the tliird. 

^^P The gBA being purilied, passes from the lime-box through 
^^H (be pipe, c, (Fig. 67,) to the gatomtUr. This is a large re^ 
^^H RNvoir of peculiar construction, designed to receive all the 
^^f na which is made, botb during the day and night, and to 
liatribute this by the pressure of its weight, through lh« 
■•■■■"■' . ■ - -eof ii 



I 



pipei of the city. The general principle 
■nay be illustrated in the following way — 

ua receiver, like one of those represented in Fig. 3£b 
page G7i be filled with water, it will sink beneath the sux- 
face, and may there be inverted. It now stands entirdy 
beneath the surface of the water, and rests upon the bottcoB 
of the pneumatic trough. Undornealh the receiver tntro- 
dttce a bent tube, and force a small portion of air within. 
This will rise, and, if in sufficient quantity, it will buoy up 
the receiver so that it will float in the water. 

The gasometer may be considered as an inunense le- 
ceiver. A pipe from the gas-works introduces gas from be- 
neath, and the cylinder is buoyed up from the water \yj 
which it is surrounded, and with which it is at first filled. 
This cylinder i^ surrounded by another which holds the wa- 
ter, aod between the outer and the inner cylinder, whe^ 
are placed by which the rise and fall of the inner cylinder 
is effected with less friction, A moM also runs up from the 
center, which serves to steady the inner cylinder against 
winds, and other causes of agitation. From the gasometer 
the gas passes off in a large pipe to the city, 

In the general description given above, several facts have 
been omitted. Some of these may now be mentioned ; espe- 
cially those which illustrate chemical principles. 



E ELKHENTS AND THEIB COMBINATIONS. ISS 

' In Fig, 65, p. 130, is seen an iron trough p, which ia h^pt 
jonstfttitTy full of water. The vapor ot this water rising 
' cough the fire, is decompoaed, its hydrogen is burnt, and 
s affords a volume of flame which plays about the relorta, 
d greatly increases the eifect of the fire. The oxygen of 
s water also increases theiuteoHity of the combustioa, Wa- 
r k used with tlie same l<tud of coal, and for a similar 

a the blacksmith's forge. 

The fuel employed is coke. This is made in the retorts, 

is what remains &om the coal after the gas ia driven 

When drawn out of the retorts, the coke ia in au ig- 

pted state. It is therefore received into iron waggons, and 

rawn without the building, where it is extinguished with 

By this process it absorbs a great deal of water, 

d this, aa well as that which rises in vapor from the iron 

Ivagh beneath the fire, is an important part of the fuel. In 

" ^^J< the coke produced is usually found more than suf- 

it ;Kir the supply of the fire. The excess is sold, atid is, 

^ one of the items of profit in gas works. The coalr 

■ ia also sold, and has of late come to he in demand as an 

■cle of fuel in glass works, being usod instead of rosin, 

en hitherto employed, to increase the intensity rf 

ir fires. The lime from the boxes, (Fig. 67,) being charged 

h carbonic acid and sulphuretted hydrogen, is valuable lijir 

The ammoniacal liquor produced in cyhndoTr ji 

) is sometimoa used for the same purpose. 



nvDHOGEN, 



Photpharu. 

31 



MifdrogeTi, 



tS86. Phosphuretted hydrogen is formed, when the pQc 
^Wet of calcium is acted on by water. For this puTpOB 
K'« Bmall retort with water, entirely Jwll, and, through the' 
pea' neck of the retort, drop a few pieces of the phosphii- 
(f calcium. These will sink to the bottom of the retort, 
I B Htream of gas will rise to the top and inflame on com- 
I in contact with the air. The neck of the retort is now 
d wkh the stopper, and the gas, gradually increasing In 
mnt, at length fills iho retort and excludes the water, 
i finally issues from the retort, and rises above the water 
in bubbles, that inflame on coming in contact with the air, 

Jono willi the exnew of ooke !— the cosl-lail-m- 




lU 

Thegasm&ybe collected injare, by the dispit 
WMer. 

Pboopbuferied hydrogen may also be made by filling « 
muQ roton wnlh water, containing quicklime recently slaked. 
Into the retort thus prepared, drop a few pieces of phosi^iO' 
ma, and apply n gentle heat. The gas will gradually accn^" 
tnuiaie, as in the last process, and drive out the Ume-wster ; 
il will then issue from the retort in bubbles, which are apon- 
Uoeously infiammiLble. 



UBETTED UVDBOOEK. 




sol. salt, 

if a amall jar of phosphuretted hydrogen be collected, 
M* inverted in contact with the air, it will hum with 8 
beautiful white flame. When kept over water for some 
time, it loses this property, without undergoing any appr8> 
ci&ble change. Charcoal, and other porous absorbents, also 
deUroy the spontaneous inflammability of this gas, and ths 
■smfl effect is produced by a minuie quantity of several coin^ 
buatible bodies, oa the vapor of potassium, ether, or essen- 
tial oil It detonates with oxygen, combining with half lU 
volume of this gas. Only one babble of either of these gaaei 
ahonld be let up into ajar of the other at a time, aa a tntidt 
larger quantity would produce a violent explosion. PhoB' 
phnretted hydrogen also explodes with chlorine, givii^ % 
bl^iant greenish- white light. With nitrous oxide gas, it de- 
lofialoa by the electric spark. It is somewhat heavier ihaa 
air (sp. gr. 1'34.) Its odor is very disagreeable, resembling 
the smell offish in a state of decomposition, which is offiag 
to the formation of this gas. 

Phoephuretted hydrogen may be prepared in sucb smeib- 
nOr as not to be spontaneously inflammable. It esista, tbero- 
fore, in two allotroptc states, as a spontaneously inHanunable 
gae, and a gas not sponlaneously inflammable. 

Pbosphuretted hydrogen decomposes some metallic solo- 

Wh>i i* themoai rcmirkabte properly of phoipliareltid hydnifen ! How mtj 
ill •ponuncoiiB inflimmibility bedoBtmyn] ! Id whit ptnpaniani docs itdMo- 
nJiW wilhoiygrnt Wiih what other gu doei pho'phuicltedhTiJiDgen explode 1 
Htiwmuyit beeipfixled with nitrwu Qxide gut Wfa^ other propeftie* of 
phatpbarelted bydrogfo are mentioned 1 



tions, as ihoee of copper and taercury, and forms metallic 
phospliides. When pure, it is entirely abaoi'bed by onT- 
phate of" copper and by chloride of lime. ' 

187, The following table exhibits ihe compositio 
bols, and combining numbers of the neutral compounda 
[-metallic elements. 



NEUTRAL COMPOUNDS. 



J Nitrous oside 
) Nitric oxide 



COMPOUNDS, 

NO. 

14+8=22. 

NO,. 

14+16=30. 



! CO. 



COMPOUNDS. 



Erbon 
fdrogei 
wphor 



\ Light carhuretted hydrogen CHj. 
i 6 + 2^S 

* Heavy carburctted hydrogen CjHj. 
12+2- 



Y Phosphuretled hydrogen PH,. 

) 31 + 3= 



liLKALINE COMPOUND OF NON-METALLM 

ELEMENTS. 



metallic elements. It 



inly alkaline compound of the nc 
is prepared from equal parts 



n-EMKNTS OF CBXMUTKr. 



muriate of a 

dry lime. These are n 



sal ammoDiac, and freshly slaked 
ingleil and healed in a glasa or iron 
vessel; in the latter, when the quantity of the mixture is 
considerable, ll may be coltcctea by invertiog a. jar ovec 
the end of tlie lube from which the gas issues. Being 
lighter than air. it will displace it (*"*'), and 611 the 
jar, It^may also be collected over mercuiy. 




L is a colorless gas, with a pungent, excitingt 

ming odor. By its caustic properriea it acta povr- 

_„ the eyes and nose. It cannot be bi-eathed in ita 

pureTorm ; but, when diluted with air, it may be taken inl» 

ibe lungB with safety. It does not take hre with the flame 

of a candle, nor does it support combustion. The florae ii^, 

however, considerably enlarg-ed, and is tinged with a pale 

yellow color when immersed in the gas, A small jet of, 

ammonia bums in oxygen, and, in about equal volumes,! it 

forma with oxygen an explosive mixture. With iodine^ 

1 ammonia forms an explosive compound, called the iodide e^ 

I ttitrogoi. It is prepared by dropping a few grains of iodine ■ 

I into a phial of dry ammoniacal gas. The iodine is agitated 

iin contact with the gas, and it becomca gradually changed 

■:|o a vifltad brown substance, which is a compound of iodme i 

fand the nitrogen of the ammonia. This substance isia-- 

loded by the warmth of the hand wilh great violence. 

Like the compounds of carbon and hydrogen, this e 



Sghter thai 



hydrogen, this gas is 



I (Sight carburettcd hydrogen), 0-5S9 (a 
1 (olefiant gas). 
Ammoniacal gas may be separated into its elements by 



• Puses off in rapor, 
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passing tslectrical sparks through it for a considerable time. 
Uoder a pressure of 6^ atmosphereB, at 50°, it becomes a. 
transparent, colorleas li(|uitL This gas is abBorbed by cliHi^ 
coal to the extent of 90 titnes it volmne.("*') 

Water dissolves about 7000 times its volume of ammoi 
cal gas, forming a solution which is knoivn by the name 
liquor ammonia.{^'") By heal, the greater part of the 
can be again expelled. The concentrated solulionis adi 
colorless liquid. Its density is nearly that of water, (an, ^ 
0.875.) It possesses the odor, taste, and other properties of' 
the gas itself. It is not corrosive, but tastes highly alkaline. 
When cooled slowly to — 40°, it crystaUzes in long needles 
of a eilky lustre. On account of its great volatility, it must 
be kept in well stopped bottles. Alcohol also dissolves 
snunonia in large quantity. 

Ammonia m ajree state, is known in three ways, by its 
odor, by its action on vegetable infusions, or reddened lit- 
mus paper(""), andespeciallyby the white cloud formed on 
bringing to it a rod moistened with hydrochloric acid.('"') 
In any of its salts it can also be detected by being heated 
with hydrate of lime, or solution of caustic potasli or soda, 
*^ which these salts ore decorapoaed, and ammonia evoli 
* free state, ('"*) 

lAmmonia is given off in vast quantities in the dccompi 

m (^animal and vegetable substances, Its salts form ■ 

cellent manure for soils. They are the principal ingredient 

many kinds of manure, and, therefore, the escape of am- 

)nia from manure heaps, should be prevented by sprink- 

them frora time to time, with diluted sulphuric acid, or 

Btrewing gypsum over them. These substances form 

lithe ammonia, sulphate of ammonia, a salt which does 

volatilise at common temperatures, and which is bene- 

to the soil, both from ila ammonia and its sulphuric 

Moist, absorbent earth answers the same purpose to 

extent. 

imonia exists also, combined with acids, in some of the 

products of volcanoes, and, in very small nuautities, 

lay be detected in sea-water. It exists in sroall quantity 

*ie air, especially in towns where bituminous coal is 

' a great extent, and in large cities. Small stel- 



Ued 

oda, I 

'^ 

jent ■ 



iadcleoted! Ho« n 



■ ieapa be piereaM J WIibI ii 



!B HflJ« 

I\»iX am - I 





NUrogen 
Hydrogea 




BtBHKNTB OF CRnRV^St. 



eiystals of the salphate of ammooia ore 9 
served on the windows of these c. 

Tbe corapositioD, symbol, and conibioing number H 
■Ikaline compound are 



Ammonia NHj. 
14+3: 



EXOSMOSE, DIFFVMOS OF GASES. 

189. A glass nibo. a. {Fig. 68.) is closed at tLe bottom 
by a diapbragm, d, (a piece of bladder, india rubber, Scc^ 

and filled with a liquid to b. It is tbM 
Fi(.09. placed in the vessel, 6 d, which contains « 

liquid different from that which the tuba 
contoina. Both liquids being at tlie Gome lar- 
e1, at b, the tube is allowed to retnaJn for ft 
time, when it is found that both liquids past 
through the diaphragm at the bottom of 
the tube, but that thu esxhange take* fleet 
vne^ually, ao that tbe volume of ooe of dw 
liquids iocreasea, while that of the otber 
diminishes. The stronger current, whetlisr 
thb comes from tbe liquid of the tube b> 
that of the glaas, or in the contrary direc- 
tion, is called endotmoie, the weaker, ex»t- 
tiuae. Sometimes tbe two currents are i^ 
me strength, so that the level in both 
' the tube and tbe glass remains unaltered. 

190. Endosraose and exoamose take place, not mer^ 
through an animal membrane, but also through baked, but 
unglazed or porous earlhen-ware, through iho stems of 
ptanO, and through a great number of other substoncsK 
When an uidia-rubher buttle is filled with ether, and plaoed 
in alcohol, the endosmose or stronger current is from thtt 
ether to the alcohol, and the bottle thus empties itself. Il|. 
on the other hand, the bottle is filled with alcohol and plactfd 
in ether, the endosntose of the ether distends the bottle, by 
augmenting the volume of the alcohol. At the same dme. 



K 



at T Where U aininoniB found sombiaul wilb acids 1 W(il* 

![»«. KiplainFiE. Sa.' Wtiil i> meant hrendmmoH t—euHnww! 
190. Through whu lubatucea doei enduanuiH Uki place ! HcMimHHt 
Biunp\t» d( EodoiqioK throagh indii-mlibec. Wh«n ether, nloohol, odi — *"— 
Vtf corn/larw^ ia ivliiil wij does eoAoimaM uIlb fiVux i)aiHLi)i i 



exostnose lakos place, or the alcohol passes out o{ tlie bottle 
into the erher, but the current in this direction is much 
weaker. If the bottle is filled with ether and placed in 
water, the other passes into the water, and the contents 
of the hottle diminish. If filled with alcohol, the same effect 
takes place, though, as mentioned above, the hotlle thus 
filled, distends in ether. If water be used to fill the bottle, 
it will distend in either alcohol or ether. Endosmose, through 
india-rubber is, therefore, from ether to alcohol or water, 
and from alcohol to water. 

191. If a bladder be tied over a glass filled with alcohol, 
and the glass be inverted under water, the endosmose of 
the water to the alcohol is so powerful, that the bladder 
swells up, and when pricked with a needle, the alcohol 
epirte out in a long stream. In this case the endosmose is 
opposite to what it was in the last, being from the water to 
ine alcohol, while with india-rubber, it was from alcohol to 
water. The same change of endosmose, occurs between 
water and ether. 

199. Endosmose is directed from water to solutions of 
glue, gum, sugar, and white of egg; the rise of these li- 
t^nids in the tube, d, (Fig. 68.) when they have the satne den- 
sity with each other, is as the numbers, 3, 5, 11, 13, the 
firat nurober, or 3, representing the rise of the solution of 
glue, the second number, or 5, that of gum, the third num- 
ber, or 11, that of sugar, and the number IS, that of the 
white of egg; the last, therefore, causes the greatest endoa- 
■nosB from water. 

193. jyiffasion of gases. This principle has already be^ 
mentioned and partially described, (111.) It is not, however, 
confined to the gases which make up the atmosphere, but is 
a property of all gasea. Though many of the gases differ 
jrom each other very greatly in their specific gravities, '_"~ 
tfiey diffuse themselves through o. 
another, and form a uniform mi 
turc. A bottle, a, (Fig. 69.) is pro- 
vided with a bent tube, t, and laid [ 
horizontally upon a table. Differ- 
ent gases are mtroduced within this 
hottle, and it is so placed that the 
lube, t, shall be turned downwards, if lite gas ia lighCer than 
the air, and upwards if the gas is heavier than the air. The 

»e direrled Troni vMer 1 
gaaes? EipUin Fig. 10. 



Fig. 89. 





gna U fiMind >o earape from tlic bottle amlrnry to ill fpmfie 
gravity, and !tg plaice becomes supptied with air. Tbe caa»- 
I paratiro rapidity with which this takes place in the diflereM 
I gaaea, may be seen from the following table : 
Of 100 volumes of gas thero disappeared — 



Hydrogen 


I 


81-6 


94-5 


Light carb. hyd. 


8 


43-4 


62-7 




8'5 


41-4 


59-6 


Olefiant gas 


14 


34-9 


48-3 


Carbonic acid 


S2 


31G 


47-0 


t>uluhurnus acid 


32 


a7'6 


46-0 


Chlorine 


35-4 


23-7 


39-0 



Prom this table it appears that gases escape the moM 

> rapidly the lighter ihey are, and their pou-er of diffusion prob- 

I ably varies in the inverse ratio of the square roots of tb^ 

Bpeufic gravities. Thus 47 measures of hydrogen esc^ied 

1 in two hours, and the some volume of carbonic acid in len. 

' Now this proportion of 10 : 2, or I : 5, b nearly that of ^ 

square root of 1 (hd. gr. of byd.) to the square root of 8% 

(ep. gr. of carb. acid.) 

194. If the bottle contains a mixture of two gases, dw 
more diffusible of the two will escape in greater propartios 
into the air, and the less difHisible in smaller proportJoBi 
than if each gaa were contained alone in the bottle, TEiis 
will take place, although the bottle be so placed that grav^ 
will faTor the less diffusible, and oppose tbo more diSueibui 
oat aa when hydrogen and carbonic acid are mixed, kdA 
Uie bottle containing the mixture is ho placed that the tuba 
opens downwards. In this case, (he hydrogen will escape 
m greater proportion than the carbonic acid, and more n- 
ptdly than it would if the carbonic acid were not present 
while ihe latter will escape less rapidly, on account of tb^ 
" ■ ' In the .... 



b 



presence of hydrogen. . . 

are connected by a tube, as represented on page 72,* and 
the upper flask is filled with Equal meamrea of hydrogsBr 
(sp, gr. 1,) and olefiant gaa, (m. gr. 14,) and the lower with 
carbonic acid, the upper flask will, after ten hours, be found 

• The loner fluk in this cue shiwld be » ren limei lirgei than the uppw 
hiTc the gieateei pawpr of diffusion I Bj nhat rule mn; thia poWEi be deto- 
194, Whm efFeel b^ miiture on Ihc diffusion of g»sei T 



■ contain only J as much hydrogen by volume, as the ole- 
it gas. Though the volumes nfthe hydrogen, and the 
'ant gas were at first eijua], and though hydrogen is 14 

s lighter than olefiant gas, it has descended into the lower 
I 4 times as rapidly as the olefiant gas, while carbonic 
I, the specific gravity of which is 22, and which is there- 
to heavier than either gas in the upper flask, has risen to 
ply the place of a portion of both these gases. 
B95. Mixture of gases likewise lakes place when they are 
Bftrated by a porous body, or by a craciked glaax veiid. 
■drogen kept in a cracked receiver, standing over water, 
n^ies liy degrees through the crack into the surrounding 
\ and the water in the receiver rises to the height of 24 
9 above the outer level. With the hydrogen which 
:;aped, but still remains in the receiver, 7 per cent. 
jpttrogen is found, which has entered by exosmose from 
I^Eternal air. The exosmose, in this case, is confined to 
1 nitrogen of the externa! air, for no oxygen is found 
Mnn the receiver. In the same manner hydrogen escapes 
I of bottles closed even with well ground stoppers, if the 
not greased. If the cracked receiver, contain- 
nydrogen, be placed over a trough of mercury, and cov- 
d with an uncracked receiver, containing carbonic acid, 
?ur, the mercury will rise in the inner receiver to the 
l^t of an inch or two, and sink in the same proportion 
s outer. This difference would be still greater, but, 
it amounts to about two inches, the preisure, or weight, 
EUie mercury in the inner receiver, draws the air, or car- 
^C acid, from tlie outer receiver, through the crack, thus 
msating j» volume for the hydrogen which has escaped, 
fthe experiment be reversed, and the cracked receiver 
rfilled with air, and the outer receiver with hydrogen, 
) mercury will rise in iho outer and sink in the inner, 

S roving that the hydrogen makes its way downwards through 
le inner and cracked receiver, contrary to its specific 

^196. If a sheet of india-rubber be tied over the opening 
nf « wide-mouthed bottle full of hydrogen gas, it is soon 
inteardu, even to bursting. If the bottle be filled 

tUfi. Under whnl other circumstsncea does the miilure of gassi tnkeplaPe? 
nr what f»ew » Iti's ahown ! When IhR cmcked reocivpr oontafni hydroBsn 

■ iisnrWUiniBil by » receiver containiiig cdibouic acid orer mereuiy, whsl 
n t« observed t What is iha action when the eipenmr ' '- 



with air, and plareJ i 



osphero of liyilnj 



^ swelling and bulging lake place ovltcard*. 
bortle <rf bdia-rubber, if perfectly empty, does not di 
when placed in hydrogen gas ; but if it conlaioa a KmaLl 
' (piantity of air, diaicntion takes place. Almost all other 
I, except nitrogen, exhibit tbe H&me relations lowards 
n air as hydrogen does, but in different degree*. To 
e their various powers of diffusion, an apparatus, likfl 
that represented in Fig. 70, is employed. A siphoD Inbe, 
a, is funnel-shaped at the shorter ama. 
A sheet of india-rubber is tied over this 
arm, and the other arm is made veiy 
long. Mercury is poured into the Iong« 
arm. so that it rises in the ehorter ann, 
and encloses a portion of air beneath 
the india-rubber. The shorter arm i> 
then introduced under a receiver, 2, 
standing over mercury, and filled with 
the gas to be examined. This gas pen* 
etrates the india-rubber, mixes with ilia 
id, increasing its voIobi^ 
e mercury to rise in the longer 
edmes to the height of 63 in- 
chea, or more than twice its usual hei^rfiC 
iti the barometer. It might be driven higher if the iii£ar 
[ rubber could sustain a greater pressure without burattnff. 
I By experiments of this kind on diiferent gases, it is fimtid 
I that the same volume of ammonia passes through the india- 
rubber to the air beneath in 1 minute, as of sulphuretted 
hydrogen in 2^, of carlionic acid in 5j, of hydrogen in 37J, 
of oxygen in an hour and 53 minutes. Some of these gasea 
are absorbed by the india-rubber, causing it to swell up. Of 
carbonic acid it absorbs an equal volume. 

197. A moist bladder, or moistened gold beaters' skiB, 
actfl like a sheet of india-rubber, A moist bladder, two- 
thirds filled with coal gas, or air, swells when suspended in 
carbonic acid gas, and finally bursls. In this experiment 
&8 much as 40 per cent, of carbonic acid sonieiimes mixes 
witia the coal gas, wliile only a very small quantity of the 




:r llic opening of swide-moulhed 
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u atmotpheH of bydrogen 

ehtaiafi by Ihiaajipinluii. 
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latter escapea into the atmosphere of carbonic acid. If the 
blailder wore perfectly dry, il would not distend in carbonic 
acid ; the endosmoae uf the carbonic acid is, therefore, owing 
to its absorption by t]ie water of the moistened bladder, by 
which it is transmitted to the inner surface of the bladder, 
and there given up to mingle with the air. A bladder mod- 
erately wet, expandH more than one that is thoroughly soak- 
ed) for the thinner the film of water that absorbs the gas, 
the sooaer will the gas reach the opposite surface. If the 
bladder containing air be mcostened with alcohol [wliich ab- 
sorbs carbonic acid more readily than water does), it will 
expand in au atmosphere of carbonic acid as quickly as if 
it vrere moistened with water, but not more so. If, on the 
Other hand, the bladder be rubbed with olive oil, or oil of 
Bniae (neither of which absorbs carbunic acid), it will not ex- 
pand in carbouic acid. In sulphuretted hydrogen a wet 
bladder containing air will expand more quickly than in 
carbonic acid, and, after being distended as far as possible 
in carbonic acid, it will expand still further if p!ac^ In an 
Atmosphere of euIphureUed hydrogen. 

198, When gases are generated in earthemeare retorts, 
^.cgnducted through earthenware tubes, portions of these 
) escape througU the pores, and are replaced by air 
tering from without. When these earthen vessels are 
d in the fire, nitrogen and carbonic acid enter in place 
3 gaa which escapes. If we heat water, hydrate of 
i, or moist clay, in an earthen retort, either to redness, 
ast above the boiling point of water, 
J little water is evolved at tlie end of '^' ' 

retort, the greater part escapuig 
rough the pores ; but there is obtamed 
pgreat quantity of atmospheric air, which 
ametimes amounts to ^^ of the weight 
f the waiter present, but contains less o%.' 
n and more caihonic aciil (derived 
B the file), than common air. If the | 
's inclosed in a receiver, (Fig 71,) 
g over mercury, the neck of the re- 
t passing, air-tigbt, through an opening in the top, and 
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SLKMENTB OF CHEMISTRT. 



I applieil by means of a large lens, a considenUe 
I quantity i^ air issued fiom the open end of the retort, water 
coOncts over the mercury ia the receiver, and tfab (the mcT' 
any), risea 3^ inrhes. if tbe retort is made of ctxnpact 
earthenware, and to a smaller height if it is more porous. 
The air that issues from the end of ibe retort, is deriTed 
in pan from tlml which penetrates the retort from Ute 
receiver bj exoamose. while, by cndosmose, the wat«ry 
TSpor escapes into the receiver, where it b condensed 
on the BUilHCC of llie mercury. If the receiver contains 
hydrogen, or nitric oxide, these gases, in the Bame way, 
issue from the open end of the retort, and the mercury also 
rises in the receiver. From the same cauae, when the vttpor 
of water is passed through the tube of a tobacco-pipe heat- 
ed to redness, a mixture of gases is obtained, differing lit^ 
from common air. The same phenomena are exhibited by 
Teasels, or tubes, of chalk, or white marble. The mixing 
of gasea through earthenware retorts, explains the incorrect 
results which chemisis formerly obtained. It was formerly 
, BQpposed that the vapor of water was conrerted into lut _ 

^^_ zogen gas, by being passed through red hot tubes. ^^^^t 

^f METALLIC ELEMENTS. ^^H 

199. The metals are forty-nine* in number. Of these, 

seven, viz., gold, silver, mercury, copper, iron, tin, and lead, 

1^^ were known to the ancients; the remainder have been die- 

^^^ covered within a period comparatively recent, and most of 

^^H these within the lost half century. 

^^H 200, The properties of metals may be divided into the 
^^V general ptvpertiu, or those which are common to all metallic 
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THE BLEHBNTS AND THBIB COKBINATIOHS. 

bodies, and distinguish them from bodies not rnetallic, ; 
the peculiar propertiea, or those which belong to aad c' 
aeleiize particular clasaes of metals. 

The general properties of metals are : (1.) They an 
oonductora of heat and electricity. (3.) All metals posse 
A peculiar liislre, bo characteristic aa to be called the meta 
lie luitre. This property is doubtless connected with t 
estraordiijary degree of opacity which the metals preee 
ia every instance. The thinnest leaves or plates, the c ' 
of crystalino laming arrest the passage of light ii 
■ptoet complete manner. Even the greenish color of goM 
leaf, when held up to the light, is probably ovring to tha 
paasagB of light through innumerable holes, produced by 
beating the leaf to great fineness. The metallic lustre u 
d^troyed by every cause which breaks the continuity of the 
surface, aa when the metals are reduced to powder, or when 
a rough surface is produced by coaling. In the latter case 
it may sometimes be restored by pressure with a bumiBher, 
as in castings of gold and silver. (3.) All the metals com- 
MoB with oxygen, and, when thus combined, they generally 
lose their metallic lustre. (4.) "Wiien the compounds <a 
the metals are submitted to the action of galvanism, ibe 
metals appear at the negative pole of the battery. (6.) All 
the metals are combustible. Zinc bums with a brilliant 
flame, when heated to redness in the open air ( iron buma 
splendidly in oxygen gas, and the most refractory metab 
bum under the flame of the oxy-hydrogen blowpipe. 

Among the peculiar properties of metals, or those prop- 
erties vrhich belong not to all, but to certain classes of metals, 
aire: (1.) Malleability, or the property of being extended 
imder the blows of the hammer. (2.) Laminability, or the 
property of being rolled out into sheets. Tin and platinum 
9fe easily rolled out into foil. Silver bars arc rolled out 
mto strips, for the manufacture of spoons and coin. Iron 
aoA zinc are roiled out into sheets. (3.) Ductility, or the 
property of being drawn out into wire. Nearly all the 
malleable metals are also ductile ; but tliis is not always tba 
case- Iron, for example, cannot be beaten out into thin 
laminae, but it may be dravm into fine wire. Dr. Wollasloo 
devised a method by which gold wire might be obtained, so 

200. How mar the prapenisB of the m^tsls be ditidcd > Stale ihe generni 
nnifKttiei of toelnlB. wilh what ia iha peruliar Iwaire of melals connected ! 
How mny this liinlre be destroyed ? How may it be in Borae c«sw iMWnt^X 
What cHecl hu eomliiaalioii wilb aijgen upon the Ibstis oi iae\B.\B\ Vl^' 
the aciioB of galraBiBm upon (be cooipounii of melelBl ^\iW eia<n^<" 
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fine thAt its diameter was only i.;^ of an inch, and SvO 
feet of it weighed only a grain. He obtained a platiouin 
wine ao fine, that its diameter did not exceed jj^g^ of an 
inch. (4.) Metala difler very much in their specific gTavi- 
liM> PotaAsium and sodium are hghter than wster, while 
piBtuiain is nearly 21 times heavier than that fluid. 

Table of tpeeific gravitiet of metaU at 60O. 

Zinc 6-SfiU 

Manganese 6'85,'] 
Antimony 6-70,4 
Titanium 5Z(i.\ 
Sodium 0-972; 
Potassium 0-86£ 

(S.) Metals diffra* as much in fusibility as in d 

Class I. — Metals fiuible hdoui a red heat (1,000'^J| 



Platinum 


20-98. 


Bismuth 


9-8S. 


OoU 


19-26. 


as' 




Tungsten 


17-60. 


8-54. 


Mercurr 


13-57. 


Arsenic 


5-88. 


Lead 


11-35. 


Iron 


7-79. 


Silver 


10-47. 


Tin 


7-29. 



Potasstmn 136<^. 

qodiom 190°. 

tin 4420. 



Bismuth 497<^. 

Lead 612°. 

Zinc 773°. 

Antimony, just below « 



Class II. — Metah injiisihit belmv a red heat. 
SiU-er 1873='. j Gold 2016°. 

Copper 1996^. | Cast iron 2786°. 

Class UX.— Metah difficult of Jwiiim in a windjurn 
Cobalt. 
Haugonese. 

' Clan IV^Metal* infumUe in a windJkrmtce.fiifiMe by At 
oxij-hydrogen bIou>pipe. 
Titanium. I Rhodium. 

Iridium. | Platinum. 

e metala acquire apaaty or adhesive stato, before b»- 
5 fluid. This is the case with iron and platinum, and 
with sodium and potassium. It is thia pecuhanty which con- 
fers the valuable property of wel-ding, by which pieces of 



""^"'^ of metnli! StUo iho pmpeitiii i. 
iiet»l». WhU km nuiUb ponm the pntpeR* of weit 
tha propeny DwiBg 1 Hention kku <A ■Hm kAS^ i 




THE ET.EHBHTB AND THEIR COMBINATIOKB. 



] and steel are united withnut solder, and finely dividoj 
platinum sponge is converted into a solid and compact bari* 

(6.) Volatility is poasesaed by some of the metals, and por^ 
baps, by all, could temperatures sufficiently elevated be ob- 
tained. Mercury boils and distils below a red heat j poti 
sium and sodium, and zinc and cadmium, rise in va] 
when heated to bright redness : mercury, arsenic, and 
luriutn are volatile. 

(7.) The metals differ gieatly in their att 
Potassium and sodium are oxidized by mere exposure 
the air, and they decompose water at all temperatures when 
ihey come in contact with it, taking from the water its oxy- 
gen by which they are oxidized. Iron and copper may be 
exposed in dry air without change, but they are slowly oxi'- 
dized, by exposure to a moist atmosphere, and combine ra- 
pidly with oxygen, when heated to redness in the open 
The affinity of copper for oxygen, is less than that of ' 
and that of mercury, is less than that of copper. 
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the melted 



1 quickly become OKidized. Gold will bei 
intense heat of a wind furnace without oxidizing 

IS.) Many of the metals hare a structure decidedly 
taline. Iron is fibrous ; zinc, bismuth, and antimony, 
lamellated, or crystalized in thin plates. Gold, silver, 
copper, occur natiirally in crystals, and other metals 
talize when they are gradually cooled fr 
to the solid state, 

201. Metallic ComhiTiationg. These are of two kinds; 
those formed by the union of the metals among themBelres, 
and compounds with the non-metallic elements. The for- 
mer are called alloys, or amalgams, where one of the 
metals is mercury. The latter are called oxides, chlorides, 
eulphureta, &c., according as the non-metallic element is 
oxygen, chlorine, sulphur, &c. When an acid is united to 
an oxide, the resulting compound is called a salt, 
salts and oxides will be conveniently considered under 
metals to which they belong. 

202. The metals are arranged according to the relations 
their oxides to the reagents employed in chemical analyaii 




lofei 



niBj be gin 



n 



These 
ler th^^^y 

;ionB ^^^H 
ilyai«^^^| 

It wiU 



I will be given nfter Ibe metels of Ihst groDf bus 



m milar r—aaialgtia f— oiide, chloride, Bulphurei 



I 



First Grol-i-, Toe Alkalies. 

Jlfefa^*— potassium, sodium, nmnioniuiii, litbium. 

Oxidet — potash. soiJa, ammonia, lithia ; — not preripita- 
i ble by sulpliu retted hjdrogen, nor by hydrosulpburet of 
\ •tniuotiio, nor by the alkalies, (i. e, by each other.) 
1 The metuls of thia group are lighter than water. Thsy 
I decompose water at ordinary temperatures, with liberation ' 
I of hydrogen. Their compounds with chlorine, bromuie, 
f iodine, sulphur, and oxygen, are soluble in water, ss are 
[ also the combinations of their oxides, with most acida. 

Second Gaoup. The Alkaline Eartsb. 

MetaU — barium, stronliura, calcium, magnesium. 

Oxidta — baryta, stroniia, lime, masnesia ; — not precipi- 
table by sulphuretted hydrogen, nor by hydroBulphuret of 
aiDmania, but prcdpitable bij alkalint carhonata and phot- 

With carbonic and phosphoric acids, the oxidee of tbeBS 
metals form compounds that are insoluble in waier, in 
which reatiect they differ frnm ihe oxides of the last group. 
The metals of this, like those of the last group, decompose 
water, and their comjioundH with oxygen and eulpbur are 
Bohible in water, though less so tlian those of the alkaliiis 
metals. 

Third Group. 

MetaU — aluminium, chromium, 

(hnde* — alumina, chrome j — not precipi table by sulphOi* 
retted hjdrogen, preeipitalih by hydroinlphuTet ofammoiuA 

The oxides of these meials are insoluble in water, in^ 
which they differ from the metallic oxides of the previod)^ 
groups. These metals also do not decompose water, onleaj' 
it contains a free acid. 

» Fourth Group. 

Oxidet of manganese, iron, zinc, nickel, cobalt ; — not pre- 
cipitable by sulphuretted hydrogen, in solutiong coniaaang 
ajree acid, but precipitahle from alkaline solutions. 

These metals, like those of the last group, decompose 

water in the presence of acids, with evolution of hydrogen. 

The oxides of thia group, with the exception of the oxide 

of zinc, tire insoluble in HolatiotiB of potash, in which they 

differ from the oxides of tbe ptcoefling ^wo'p. 



Fifth Group, 

Oxides of hUrauth, copper, lead, mercury, cadmium, sil- 
Ter, palladium, rhodium, osmium ; — ■precipilalile hy sidphu- 
retted hydrogim. 

The oxides and Bulphureta of these melals possess the 
properties of tlieir bases, in which they differ from thai 
metals of the next group, whose compounds, with oxygej 
and sulphur, possess the properties of acids. ' 

•Sixth Group. 
Tin, antimony, arsenic, gold, plalinum ; — not precipitab 
hy sulphuretted hydrogen from alkaline tolntitm.!, but precipi 
table jrom add solutions. (See fourth group,)* 



METALS OF THE ALKALIES. 
Potassium, 0-865. 39. K. 



, tlus metal la 



203. At the head of each of the metals will be pU 
the name of the metal, its specific gravity, its comDiiiiDg 

number, and its symbol, in this order. 7" - -'- —' " 

potassium, iis specific gravity ia 0-865, its 
is 39, and its symbol is K. 

The properties of potassium are so remarkable, that it 
was for sometime doubted whether it could be placed among 
the metals. One of its most remarkable properties is its 
lightness, which enables it lo float on water. Another of its 
striking properties is its intense affinity for oxygen.(*''*) 
la this respect it probably surpasses all other bodies, and ia, 
therefore, frequently used in decomposing metallic oxides 
otherwise not easy of reduction. It absorbs oxygen from 
both water and air, burning when thrown on water, and be- 
coming tarnished when exposed to the air. It ia, therefore^, 
kept under napiha, a fluid which contains no oxygen, 
melting point ia very low. It becomes soft at 80°, 
perfectly fluid at 150°. In color and lustre it resembli 

* At Ihs end of Ihe melals (328.) i 
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rnwrcurr. It crystalizes, by sublimation, in cub^, t 
I cut Bunace exhibits cubical moikinct!, Al 3^^^ it is li 
■t 6G-S it id as soft a» wax. It aubliiuea in green vapors ■ft' 
a lemperature below redness. Potaaiiiuin fcinns an amal- 
gain with mercury .("") 

204. Hydrate of potash, caiutic jwliuh, KO.UO. WTmm , 
a solution of carbbnaie of potash is boiled with quicklime . 
the lime takes the carbonic acid, and the potash i& reduced 
to its caustic state. ^ «■ 

IKO, COa=carbonale of potash. ^^^^| 

CaO ^^H 

KO =Calstic ^^H 

CaO, C03= carbonate of lime, insoluble. ^^^H 

The hydrate of potanh is also formed when polasai<^^3|^| 
exposed to mobt air. which is rapidly oxidized, and at the 
aame time abaorbs moisture. i 

Pure hydrate of potash, is a white, hard, brittle anb- 
Htance, very de1i<]ueacent C"^), and soluble in water. Alco- 
bolalso dissolves it freely, which is the case with compara- , 
tively few of the compounds of potassium. Alcohol nay, 
therefore, be used to puiify the solid hydrate of commeroa. 
It melts below redness, and volatilizes at a full red-heat, in 
white pungent vapors. The solution of this substance po» , 
BesBcs in the very highest degree the properties termed 
alkaline, and, therefore, of all the bases, it possesses tlw | 
strongest aflinity for most of the acida (3nd law of affiiti^, 
page 61). It neutralizes completely the most powerful aam, \ 
ana is raost destructive of all the alkalies to organic gub- 
Btances. The alkaline reaction usually predominates in iu 
salts formed with the weaker acids. It is constantly employ- 
ed by surgeons as a cautery, for which purpose it is molded 
into sticks. 

In the solid slate, and in solution, hydrate of potash rap- 
idly absorbs carbonic acid from the air; hence it tnitst be 
kept in closely stopped bottles. This solution is employed 
jn analysis, where the quantity of carbonic acid contained 
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in the body under exammaiion is to be [letemiincil. Tlljii 

arrangement is reprcKenti'd in Fig 73. Tlie 

gas from the substance under exammation, en- 

tera the tube at a, and patwes ihrough the ihri 

lower bulbs, which are about two-thirda filled 

trith solution of caustic potash. This soluiio 

absorbs all the carbonic acid from (he gc 

which then passes off through the lube b. 

bulba, with the potash solution, are wi 

before and after the proceaa, and the increase 

in weight shows the amount of carbonic acid j 

abeorbed. 

The water of the hydrate of potash cannot be displaced 
by heat, the whole compound volatilizing at a Tery high 
temperature. This is, tnerefore, called ihe water of con- 
atitution, (see questions p. 98.) 

205. Carbonate of potatA, KO, COj + SHO. This sub- 
stance is the common potash of the shops. It is obtained by 
the following, or a similar process : 

Water is poured upon wood ashes, and the mixture stirred 
till the potash, (carbonate ofpotash,) contained in these ashes, 
18 dissolved. The mixture is then allowed to stand, when 
the greater part of the soHd matter setrtes, and the clear 
liquor is poured off. This is boiled down until it becomes 
quite thick, so as hardly to bo liquid. It is now allowed to 
cool, and, when cooled, it becomes a solid mass of carbo- 
nate ofpotash. In this state, it is called gray saltt. This 
is dissolved and boiled down a second time, when it forms 
l^ivfaat is called ichite salts. When pulverized, this consti- 
H pearlas/t. 

Jarbonate of potash, though found in the ashes, is not 

pWBtained in the wood of plants. In all land plants, potash 

ndats in combination with a vegetable acid. This acid is 

converted by burning the plants into carbonic acid, and 

the potash thus left in the state of a carbonate. Folaeh 

^^M contMued very unequally in plants. Shrubs contain three 

^BSpieB, and herbs five limes as much saline n 

^^Kl in the latter, the branches are more produi 
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i« highly Kikaline lo leet-paper. It is tnsntuble bi al<»bol. 
By hear, tbe water of crysialization is driven off, and, by a 
trnnneratureof full ignition, the salt ie fused, but tbe carbonic 
ncid U not expelled, as it ia from most of ita combinations by 
beat. Tbe vapor of water passed over it at a red-heat, de- 
compoees it, forming liydraie of polasb, and setting free iW 
carbonic acid. Wben healed to wfaitcnesa with charcoal, ii 
ia also decomposed, and the meta] potassium ia reduced wiA 
the evolution of carbonic oxide gas. 

206. Bicarbonate of pota»k, KO, COj,+HO,COa. Tlui 
salt is forined by passing a stream of carbonic acid throogb 
a cold solution of carbonate of potash. The gas is rapidly 
absorbed, and a white, crystalme, less soluble substance, 
separates, which is the new compound. This is collected, 
pressed, redissolved in warm water, and the soluliou leA 
to crystalize. 

Bicarbonate of potash reijuires for its soluiioD 4 parts of 
cold water, at 00°, and less water at 212'^. The solution is 
nearly neutral to test-paper, and has a much milder laala 
^liBn the carbonate of potash, for which reason it ia mois 
o&en used in medicine. It foims large, beautiful crysl^^ 
These are very easily decomposed; for when they are 
heated they evolve water and a portion of their carbonic 
and, and are thus converted from tbe bicarbonate to the 
carbonate of potash. The solutions of this salt decompoao 
by evaporation at all temperatures, losing carbonic acid, and 
being converted into a neutral carbonate of potash. 

207. Sttipkate 1^ potash, KO, SOj, may be prepared by 
adding carbonate of poiaah to sulphuric acid, until the solu- 
tion becomes neutral. This eolutiiin, when conceatratedt 
affords bard transparent crystals, which are redissolved is 
boiling vfater, and recryBlalized, They resemble crTStala 
of quartz {166.} in figure and appearance, are anhydrous, 
unalterable in air, and decrepitate strongly when heated. 
They dissolve in about 10 parts of cold, and in a moch 
smaller quantity of boiling watei-. Sulphate of potash has 
a bitter taste, and is neutral to test-paper. 

208. Nitrate of potash, nitre, saltpetre, KCNO^. Thb 

in Om uties '. State >o(m or the properties of cwboiiBte dF potaBli. 

S06. Write the ayuitol of biCBiWuc of lotuh. Hew » Ihia Ifintwl 
iblrrpieU'd > Aoa. — I sibonnte of potuh vith an eq, of carbunited wuer. 
i* tucaiiinaBte of poiash Tonneil ! State loaie of ita prcmeities. 

eOT. Write the (vminl of aulpbate of potuh. Rom it ihia lymbol b>' 
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tmportant compound is a natural product, being disengaged 
by a kind of efflorescence from the aurtace of the soil in 
certain dry and hot conntriea. Nearly all ihe nitre of «oin- 
merce comet) from lodia, where it is a natural product, In 
Prance, large quantities of artificial nitre are prepared, by 
joisiDg masses of putrid animal matter with lime. The nit- 
pgen of the decaying animal matter unites with the lime to 
; of lime ; this is afterwards mised with car- 
a double exchange takes place : 




I soluble salt. 



vray Iwge | 



I The symbol for nitre, KO, NOj, shows a vray iurge 
*)nount of oxygen. To this fact, and to the feeble affinity 
y which the oxygen is held, it is owing that this salt baa 
» iffreat power in promoting combustion. A weak solution, 
poured over cloth or paper, will cause them when dry to 
hum rapidly on applying a lighted coal. For the same 
on, nitre is employed in the manufacture of gunpowder, 
following table shows tite composition of three difleranfc. 
s of powder : 

JVifrr. S^pbur, CArtcb^. 

Common powder, 75 12i 12i, 

Shooting powder, 78 _ 10 13. 

Blasting powder, 65 ' SO 15, 

."hen gunpowder is fired, the oxygen of the nitre _ 
. isferred to the carbon, forming carbonic oxide, the snl- 
pnr forms with the potassium sulphuret of potassium, and 
a nitrogen is set free. The large volume of gas from the 
ttogen and the carbonic oxide, is still further expanded 
y the very high temperature, and produces the powerful 
explosive effects of gunpowder. The gas evolved, when 

S08. Write Ihe symbol of nilrala of puiaah. Eipliin this i^mbol. Wh«m 
tha chief source of IhiBSall I How is sullpeirc msnuriictured in France ! E.- 
plaia iliedisgiam. How much oiygcn dues the ayiabal of nitre show thu it 
posseaaesT Ana.— Six equimlents. To what is the great power which this 
u)l posneBscs in supponing cnmliuslian owing! Whpn gunpowder is fired, 
what gaiM an- formed ! Wh>t solid .ulaUmoe is fotmecT? Ana.— Suloha- 
let of poUiasium, a suit of dark gray color, which, \i\ac>iea«& 'n\i^ BoAaa. 
ia the rBiidiie left by the eitploaion of gunpowder, How niMiAi 4o«» ft* f 
fvalred in the eiploaion of gunpowder exceed in bulV. *e so-wJiei'. 'iv 
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nauurei) cold, ia about 300 times the gtinponrder in vobtma, 
lnit>irotn its high tomperatnre, it is probable tbu it eipsnds 
U leant 1000 times. Its insiantaneotia combiistinn, mni, 
eODieqaenllj-, its explosive energy, depends upon ita gmi» 
lotion, for when powder ie not granulstod, or wbea the 
gnaulation is destroyed, the gunpowder bums rapidly, ioA 
Wtthoot explosion. By granulation the flame is able to pen- 
etTBte the whole mass more rapidly, and to produce an ex- 
ploMon nearly instantaneous. Still, tbe discharge of gun- 
powder occupies B. perceptible interval of lime, as may b« 
■bown by burning a line of powder in connection with a 
parallel line of eome fulminating powder, as fulminating 
mercury, of eijual length. The line of common powder 
will occupy a perceptible interval in its discharge, vrbUe 
tbat of fulminating powder will appear to flash instantane- 
ously. Mining and blasting powder is frequently mixed wkfa 
a considerable quantity of sawdust, the object of which is to 
prolong the diacharge, a^id thus to render tbe powder more 
efibcinal. Fulminating powders are fotmd not to be adapted 
tat 6re-arms, for their explosion is so nearly inatantaneooi, 
thai lie effect which they produce is almost wholly loc^ 
btmting the musket without projecting the ball. A nutamed 
^brt is found necessary to the best efiect, both in fire-annB 
tad in blading rocks. 

In nearly ail fire-works, nitre is employed to supply oxt- 
gea for the ready combustion of the various materials.('«') 
Nitre is also largely used in freezing mixtures to generate 
" le form is very beautiful (Fig. 73,} 
It is cryetalized by cooling a hot 
saturated solution in a bottle, or 
on a. slip of glass. The crystab 
are anhydrous, but they often bold 
a portion of liquid, mecbanicaOy 
lodged within the substance of ihe 
crystals. As this is particularly the 
case with largo crystals, it is aomo- 
limcs necessary to agitate the so- 
lution while crystahzing, to obtain 
small crj-stals. CryBiala of a lares 
size crack with the warmth of the 

wtMtdoulhs inBtantuieotii eiplotian of ponder depend I How doe« pm~ 

lilioa pioducc Ihi* effBci > Is ihe duchugeatgaDpowdeiabralglel; iniuntir 

neoDa T How oiht thit b« ihoim 7 Whf *ie noi lulminit^g powdeis niil^ 

I Jhr fira-inm 7 For wint purpou ia nitre eroplpjed in firc-workB t WhU don 

L f'lg. 73 repre»eat I Whal ue tome of (he (ntpe[>JE« ot «itiaKMd nim ! 




THX ELEMENTS jiND THEIR GOHDINATIONII. 

h&nd. Their taste is sharp, bitter, and cooliDg. They are 
fusible into a limpid liquid, by a heat under redneBs, Their 
solution has considarable antiseptic propei'ties, and is there- 
fiH-e Eometimea employed in preserving meats, especially 
beef, to which it cummuuicates a, red color and considerable 
fimmesa. 

209. Chlorate of paliuk, KO,C\Oi. Oxygen is the chief 
conatituent of tliis salt, and is held by a very weak affinity. 
To this fact are to be ascribed its peculiar and striking prop* 
erties. On iJie application of heat it is decomposed, a^ord- 
ing pure oxygen. With certain bodies it unites to form 
-explosive compounds, some of them of the most terrible 
kind. With other combinations it explodes by friction, and 
' 1, therefore, now a large article of commerce, being em- 
' with phosphorus in the manufacture of matches. 

rwder It detonates with a blow. It forms, olw, 
that lake fire with acida. The percussioTt powder 
■ a mixture of chlorate of potash with sulphur, or other 
Mtubustibles. 

I. Cbloraie of potash is soluble in about SO parts of cold 
pjtnd 2 of boiling water. Its crystals have a pearly lustre, 
and are flat, tabular, and anhydroufi. Their taste is cool- 
ing, and slightly bitter, resembling the taste of nitre. From 
the great amount of oxygen which it contains, chlorate of 
potash imparts a bright scarlet color to the venous blood, 
and is used iu medicine as a remedy for certain fevers. 

SIO. Iodide of potastiutn, KI. When iodine is added to 
a strong solution of caustic potash, free from carbonate, it 
ia dissolved in large quantity. The solution thus formed 
consists of two salts, — iodide of potassium, and iodate of 
potafih. When sufficient iodine has been dissolved to color 
[die solution permanently, this is evaporated to drynoss, and 
^itioosly heated red hot. By this means tlie iodate of pol- 
atirely converted into the iodide of potassium. The 
then dissolved in water, and, after filtration, made 
_ ciystalize. Its crystals are cubes, which are often milk- 
white and opaque. They are anhydrous, and fuse readily 
when heated. They are very soluble in water, but not de- 
liquescent in a moderately dry atmosphere. They arc solu- 






200. Write the Bymbul of chlorate of potash. Eiplain lhi> symbol (chlomte 
of the ofide al jwtgiiiiuni, or puluih.) How mucli oifgen doen the ■ymbol of 
dilonte of intish ihow that it poaaesies ! To srhiit aie the peculiu praper- 
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) alxo in sIcohoL Solution of iodide of potaastniD, Vke 
WthoKf of all tbe iodides (in water), diasolvea a large quantity 
of free iodine, forming a deep-brown liquid. 

Sll- The Halts of potash are more or less soluble in water, 
and are. dislinguished by a white, crystaiine precipitate, 
'formed with tartaric acid. The precipitate is not ububIIt 
formed nntil sometime after the tartaric acid is added, and 
ibis effect is greatly promoted by agitation. The moat im- 
portant of the liquid tests for potash, is that with tlie dila* 
ride of platinum, which throws down, in 3 concentrated 
solutian, a yelloiv cryataline precipitate. The solution in 
ihiH caae should not be alkaline, but rendered neutral, or 
Bcid, by the addition of hydrochloric acid. Ammonia pro-' 
dnces a similar precipitate, but the compounds of ammonia 
are easily distinguished from those of potash. The formei^' 
when heated, especially with quicklime, lose their ammooift, 
wUi^ a known by its smelt, and its reaction with hydro- 
chloric acid (p. 137), while potash remains ^leti. The deli- 
cacy of tbe teats with chloride of platinum and tartaric acid, 
. is increased by the addition of alcoliol. Salts of potash also 
give a characteristic purple tint to the outer blowpipe flame. 

The salts of potash add greatly to the fertility of the soil, 
uid are particularly adapted for those plants in tbe ashes of 
which, when burnt, these salts are found most abundantly, as 
for grape-vines, potatoes, turnips, &c- In the siliceous p^nta 
these salts, or those of soda, are essential to render soluble 
the silica which these plants conlmn. They also combine 
vrith and render soluble the vegetable matter of tbe soil, SO' 
U to bring this into a state in which it may be readily con- 
veyed into the roots. They promote certain changes in 
^ants, to be described bereatler, which are essential to the 
'production of the living vegetable, and their presence in 
the soil enables it to obtain a supply of nitrogen from the 
atmosphere, and to bring this nitrogen, in the form of nitric 
acid, to the roots of plants. Finally, as most plants contun 

gotash and soda, the presence of the salts of these alkalies 
I the soil is essential to their growth. 

Sodium, 0'972 23 Na.' 

212. Sodium is a silver-white metal, with a high lustre. 

I'll greatly resembles potassium in every respect. It is soft 
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k common temperaturfis ; melta at 194°, and oxidizea very 

tepidly ill ilie air. Like potaasiura, it floats on water, hut 

doea not decompose the water witL aa great energy as that 
substance. On cold water it floats about without burning ; 
but on hot water it takes fire, burning with its character- 
istic yellow flame, and giving rise to a solution of ^oda. It 
crystalizsa in cubes. At 40"^ below zero it is rather hard ; 
at 32° it is ductile; at 122° semi-fluid; and at 194° per- 
fectly fluid. It is an excellent conductor of heat and elec- 
tticity. Potassium does not uniio with mercury, but sodium 
lad mercury unite even with explosion.C ^') 
^JEI3. Hydrate of toda, caustic soda, NaO, HO, The pro- 
~0M by which caustic soda ia obtained, is precisely Bimilar 
^.that for caustic potash (204.) Carbonate of soda is boiled 
nth ijuicklime ; the lime takes the carbonic acid, and the 
3 reduced to the caustic state; 

uNaOt 00^^= carbonate of soda. 
CaO =lime. 

=^ Caustic soda. 
I'CaO, CO j=^ carbonate of lime, insoluble salt. 



^«esa 



The solid hydrate of soda ia a white, fusible aubstaiu 
very amilar iu its properties to hydrate of potaah. It ia t 
liquescent, but drtea up again afler a time, in consequence 
of the absorption of carbonic acid. The solution is highly ai- 
rline, and a powerful solvent for animal matter, 
,^14. Sulphate of soda, Glauber's sails, N"aO, SO^ + 10 HO. 

Iphate of soda ia the substance left in the retorts, used 
the manufacture of hydrochloric acid, or any pro- 
where sulphuric acid ia added to common salt, (p. 102.) 
Its crystal ization is exceedingly beautiful, resembling that of 
nitre, (Fig. 73.) The crystals contain 10 eq. of water, and 
are efilorescent, and undergo watery fusion when heated. 
They are soluble in twice their weight of cold water, and 
rapidly increaae in solubility, aa the temperature of the 
liquid rises to Ol'S", when a maximum is reached. At this 
temperature, 100 parts of water dissolve 322 parts of the 

S12. Write Iha speoilic jratily, cotpliining numtwr. and lymbol of jodium. 
HeatiCB some of Ihii properlies of Ihia melal 
213. Write tbe lumbal afcKuMicBoda. Explain Ih in symbol, Stnts Ihe pra- 
la for prepsrirg sods. Eiplain the dingrem. What ate lomo o( 'Joe ^to^bi- 
- -"--J — 1 ofBoda? , 

" ihale of soda, Eip\wn v\i\s»'jQtoQV ■»»«» 
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■alt. Heateil beyond this point, tbe solubility dimiiuabes, 
and a portion of tbe sulphate is deposited. A wann, salu- 
nted soluiioD, evaporated at a high temperature, depotito 
opaque, priaroatic crVBtals, which are anhydrous. 

This salt la pureative, and is therefore sometiniea tiaed in 
medicine, although, on account of its very nauseous and 
bitter taste, it is almost superseded by sulphate of magoe- 
na. It is also called Glauber's salts, from the physician wbo 
diacorered it. It is found in many mineral waters. 

215. Carbonate of toda, NaO, COj + 10 HO. The c^ 
lalized carbonate of soda, contains the same large proporCm 
of water (10 HO), as the crystalizcd sulphate. This tatiie 
common soda of the shoi^. It was formerly obtained trtaa 
the ashes of sea-weed. The barilla, a coarse kind of carbo 
nate of soda, sometimes employed in soap makine, is made 
from several varieties of sea-weed, that grow on the coaA ef 
Spain. It is usually manufactured from common salt. The 
salt is first converted into the sulphate, by the addition (£ 
sulphuric acid. The hydrochloric acid driven off in this I 
process, is saved by being passed through water. Tbe st^ I' 
phate of soda thus made, is reduced to powder, and mixed , 
with an equal weight of chalk, or limestone, (carbonate of l 
Hme,) and half as much coal, both ground and crushed. \ 
This mixture is heated to fusion in a furnace, wiili constant I 
rtirring. When tbe decomposition is judged complete, tbe 
melted matter is raked from the furnace into an iron trough, | 
where it is allowed to cool. When cold, it is broken i^ inta I 
Bltle pieces, and lixiviated with cold, or tepid water. Tbe 
sulphuric acid of the sulphate of soda, is transferred by Aaaf- 
ble decomposition to the lime, forming sulphate of lime, as 
iueoluble salt ; the carbonic acid of the carbonate of lime 
.. imiting with the soda, forms carbonate of soda, which beiM . 
^^■oltible, is dissolved out by lixivation from the insolubl^w^ 
^^L^hate of lime : ^^^^| 

^B NaO, SO,=suIphate of soda. ^^H 

^H CaO, C03=carbonate of lime. ^^^H 

^^B NaO, CO,=^Carbonate OF BonA. ^^^^| 

1^ CaO, SO, =suipb^te'of"lime;' insoluble salt. ^^J 

IhiB uU abtnincd I Whal in laid of iu etiaaiiatian, txiH olhcr pn^xitiuL 
^H^ SIS. Wrile sad explain the ■yiubal o( cubonUe of soda. How WM 4 
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TBE ELEHENTB A 

The solution of carbonate of soda 
orated to dryness, and the salt calcined ^ 
dust in a suitable furnace. The product i 
commerce. About 50 per cent, m tl 

Boda. By dissolving soda-£ish in hot water, filtering the boIu- 
_ .tioii, and then allowing it to cool slowly, the carbonate is 
psited in large transparent cryatals. 
1 roasting of the sulphate of soda with lime, is per- 
med in B furnace of peculiar construction, which is ofton 
)d for similar processes in the 
rate, b the ash pit, c the 
d d the hearth 
r receiving the mixture, 
a the aperture for throwii 
in the mixture, and g i 
opening for stirring it, ai 
•cooping it out. These a 
caWei/ameJiimacef, or re- 
vtrhatory funtacM, because 
ifae heating is not effected 
ty the ignited coal of the fuel, but by the flame passing over 
""* abridge / By this arrangement the substance healed, 
tt<r»aiied, is kept free from the ashes of the fuel. 
I) S16. In the mamtfacttire of glan, potash or soda forms 
J basis. Glass is a silicate of potash or eoda, or a com' 
ind of silicic acid and potash, or soda. To the silica 
1 soda, or potash, a variety of substances are added, 
iV make the glass more colorless, dense, and transparent. 
\ promotes fusibility, confers density and lustre, and 
fl tenacity to tlie glass while red hot. It enables the 
B to bear sudden changes of heat and cold, and improves 
t refractive power, by which it is rendered more valuable 
t the manufacture of optical instruments, as the micro- 
. telescope, &c. Black oxide of manganese is used to 
BStroy the slight green color given by impure potash or 
■da. Unless used in very minute quantity, it imparts a 
purple tint to the glass. Arsenic is also sometimes em- 
ployed. The ingredients are first roasted to a red heat, to 
expel moisture and carbonic acid (from carbonate of soda, 
which is thus reduced to caustic soda — the alkalies can only 
be used in their caustic state in the manufacture of glass and 
soap.) Ailer being roasted, the materials are ground up 
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IGO BLKMENTS OF CKKKnTKTi 

logetber. The glass pots, 
furnace, (Fig, 75.) which has as many doors, 
L <f, as the number of retorts, r, it ia capable of 
Ibeuting. In Fig. 76, the retorts e 
" ^. ., in their posilion, on a plat- 

form around a central grate, 
through which the heat and 
1 flame from tlie furnace en- 
er. When melted, the glass 
a taken out on hoUot 
rods, to which it readily adheres, and it is 
then blown by the workman into decanters, | 
bottles, and other articles, or is poured on 
I B table to form sheet or plate glass. When 
I cold enough to handle, the glass ia carried to an oven, where 
■ it ia again heated. It is then taken to the annealing OTen, 
r Fi, r! (Fiff- ".) One end of 

' " this oven (the moat dis- 

tant in this figure), is 
kept at a high heat, and 
the glass vessels are pla- 
ced on sliding pang, 
which are covered with 
sand. These pans are 
drawn along from lims 
to time by simple ma- 
i'liinery,consistingchiet 
ly of a crank, rollers, and an endless chain. When die 
glass vessels reach the cool end of the oven, which gene- 
rally takes place in from one to two days, or even longer, 
they are annealed, and by this process rendered much less 
brittle, and less liable to crack by Hudden changes of tern- 
perature. When the annealing oven is full, as fast as one 

San is removed at the cool end of the oven, another is intro- 
uced at the same time at the end which is kept at a higli 
heat. In making the large circular tables of crown glass, a 
globular flask of great size is first produced, and to this a 
rapid rotary motion is given, until, by centrifugal force, the 
wfaole is suddenly made to assume the form of a disc 
Ttiha are made by drawing out a hollow cylinder of pat- 
L dally melted glass. 

Different colors are communicated to glass by metallic ox- 
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ides. Blue glass, is formed by means of an oxide of cobalt ; 
green, by the black, osido of copper; violet, or amethyst, by 
the oxide of manganese ; red, by the mixture of the oxides 
1 and of copper ; ruby-red, by the sub-oxide of cop- 
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Fig. 79. 



per ; dull green, or brown, by the oxide of 
' e oxide of gold; white, by ihe oxides of arsei 
id seDow, by the oxide of silver.("^) 
'.,8*7. When carbonate of soda is mixed with 
lie acid is driven off with effervescence. 
K used in tbo manufacture o£ soda-water. I 
tlod soda, is made by dropping into a bottle, about two- 
thlrde full of vrater, a crystal of carbonate of soda, and 
another of tartaric acid. The bottle iB then tightly cork- 
ed, and the cork tied down. The crystals will gradually 
disBolve and decompose each other. Carbonic acid rises, 
and is absorbed by the water, and, when the bottle is after- 
wards uncorked, the carbonated water flows out with effei^ 
mce. 
^ig. 78, represents the method of making soda-water 
US' large way. A is a small strong cask, with a funnel 
'As-top, and two pipes at the 
mdee, all fitting air-tight, and 
furnished with stop-cocks, F, r, r. 
The pipes enter the vessels E 
and C on each side of A, and 
extend nearly to the bottom of 
those vessels. E and C are also 
fiimished with funnels, extended 
;ibaw^ the liquid which iliey 
lio. The pipes, B,D pro- 
upwards to the jets, H and 
The two sides of the appa- 
are similar, and may be 
iloyed for fountains of two 
irent liquids. If soda-wa- 
alone is desired, the appara- 
tna on one side is all that is 

necessary, but in connection with this, a fountain of ginj 
beer, or some other drinks may be employed. ._ 

The action is as follows. Two or three pounds of cha]Ie«< 
(carbonate of lime,) are put into A, and a gallon of water 
added. C and E are also half filled with water, either pure 
or flavored with sugar, ginger, lemons, &c. The cocks, r, r, 

I BIT. HotrueoDUnoD (lulf/eJ soda-wBlermadeT Eip\am^*t1*- Wi'*''^ 
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are now opened, the oiliors being closed. Sulpfauiic acid is 
added through the funnel F: 

CaOi CO]=carbanBto of lime. 
SO, =sulpburic acid. 



COj =Ca»bonic Acin. 

CaO, S0,=^8ulphate of lime, insoluble salt. 



I 
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The carbonic acid, being expelled from ibe chalk in" ifc 
paasea into the water of C and E, where it is absorbed, aodt 
after the absorptinn haa taken place, accumulates in the up- 
per part of C and E ; here it esorta a pressure, which, whan 
ibe valves I and iS are opened, drives the water up the tnbes 
B and D, and out at the jets L and H. 

The gas generator, A, is often fixed upon an axis by wiiiiA 
it may be made to revolve, and thus the action of the aci^ od 
ibe <^alk is promoted. The containing veascli are gene' 
rally made of wood or earthern ware, as sulphuric acid dit- 
Bolves iron and zinc rapidly, and carbonic acid acts readi^ 
Upon copper. The tubes aro apt to break at the Joints ; to 
remedy this, they should be made of pewter or tin ; lead 
also is sometimes used, but water standing in contact wiA 
lead, frequently acquires poisonous properties, by a slight 
corrosion of the lead. 

When the apparatus is fully charged with carbouic addli 
no more mill he formed in A. Thus, there is no waste of ma- 
terials employed in generating the gas. The preseure erf 
lie gas, however, is frequently so great as to burst the appa- 
ratus, and fatal accidents have occurred in this way. 

218. BicarhoMU qf$oda, NaO, COj+HO, CO,. From 
this symbol it appears, -Jiat the bicarbonate of soda conaisU 
of the carbonate of soda, (Na 0, CO,), and carbonated wa* 
ter jHO,COj). It is prepared by passing carhonio vaA 
gas into a cold solution of tne neutral carbonate of soda, <ff 
by placing the crystals in an atmosphere of carbonic add) 
which they rapidly absorb. The ten equivalents of wai^ 
of crystal ization (10 UO), which the crystals of carbonate <rf 
soda contain, they, to a great extent, lose in being conver^d 
into the bicarbonate. 

■odH «r4£«r prepiuvd hy thii urnn^mpul 1 Explain Lhi 




THE ELSKKNTS AND THSIR GOMBINATIONB, 




Bicarbonate of soda is a white, cryslalitie powder, whidl 
ia Bolulioii, loses carbonic acid aluwly at the tempen»i 
! of the air, and rapidly above 160° {206.) By this 
'' lirBt into a seBquicaibonate, and 

ivbonate. At 60° it requu*es 10 
ilution, which is feebly alkaline to 
id has a milder taate than that of ihe simple 
'bonate ; it is, therefore, more frequently employed in 

(20G.) 
819. Chloride of sodium, common salt. Na CI. The earth 
and eea abound in common salt. In many places it is found 
in solid beds, or irregular strata, of immense thickness. The 
6&lt of these beds resembles transparent Hione, and ia there- 
fttre called roch-salt. It is almost always loo impure for use ; 
hence, if no natural brine-spring exists in these beds, an 
artificial one is formed by sinking a shaft into the rock'Salt, 
and, if necessary, introducing water. This, when saturated, 
ia pumped up and evaporated, more or less rapidly, in large 
iron pans. As the salt separates, it is removed from the 
bottom by means of a scoop, pressed, while still moist, into 
moulds, and then transferred to the drying stove. When 
large crystals are required, as for coarse bay tall, used in 
curing provisions, the evaporation ia slowly conducted. This 
kind of salt is usually obtained from sea-water; a pound of 
sea-water contains from one-half to five-eighths of an ounce 
of common salt. This salt has a slightly bitter taste, owing 
to the presence of salts of magnesia. 

As the natural salt-springs contain much more water than 
is necessary for the solution of the salt, a cheaper method 
of evaporation than that by fire is sometimes employed. 
The salt water is pumped up to the top of a lofty scaiTolding, 
filled up with faggots, and from this height is made to fall 
drops through the fegots. It diffuses itself over the 
lisnches, and thus presents a very large surface to the air 
'^— ing through them. A rapid evaporation is in this way 
'ned. Upon the branches gypsnm is first deposited, for 
. contained in all natural waters, and, being soluble only 
in a very large quantity of water, it is deposited when the 
irater is considerably diminished by evajwration. It forms 
a bard crust upon the branches. When the greater portion 
of the water is evaporated, the concentrated brine is boiled 
down in large pans, v^ith constant stirring, and the granular 
eaJt which separates ia raked cut and dried. 
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ia not deliquescent in n 
eralely dry air. It ciystaJisea 
in anhydrous cubes, (Pig. 79.) 
which are oflen grouped to- 
gether in pyramids or steps. It 
requires about 2j parts of wa- 
ter, at 60°. for solution, and ita 
solubility is not sennblj in- 
creased by heat. In alcohol it 
is insoluble. By this proper- 
ty, therefore, it may be separa- 
ted from carbonate nf soda. At a bright red heat it fusei, 
and is volatile at a. still higher temperature. 

We find common salt every where in nature, because it n 
indispensable to the life of animals and plants. Withqut salt, 
no complete digesiion of food could take place, and it is, 
ihcrefore, justly rega.rded as a universal condiment. Am- 
mals find it in the meat and plants by which they are ntnff- 
nliod ; plants receive it from the soil and rain, and ilie fer- 
tility of land is often iuci-cased by the application al etSt 
Wood for the purpose of building, ia rendered more duraUe, 
by being impregnated with salt. 

280. Nitrate of xoda. NaO, NOj, occnrs native, and in 
enonnous' quantity, at Atacaroa, in Peru, where it forms K 
regular bed of great extent, covered with clay and allanal 
matter. Its rrysiala are deliquescent, and very soluble in 
water. It is employed in making nilric acid. It has been 
Bubstituted for nitrate of potash, (saltpetre,) in the mann- 
faclure of gunpowder, but the powder thus made buTOH too 
Blowlv. and becomes damp in the air. It has lieen used to a 
considerable extent in agriculture, as a manure. Both diig 
Bubslance, and the nitrate of potash, impart a dark green 
color to the leaves and stems of plants, hasten, increase, and 
often prolong their growth. They generally cause an i»- 
crease, both in the weight of hay or straw, and of Gora, 
though the color and growth are occasionally affected wi^ 
out any sensible increase of the crop. The hny and graSB 
produced on meadows when enriched by these nitrates, is 
always more greedily eaten by the cattle than when these 
lands are not so enriched ; the grain, however, is usually of 
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• inferior qaalily, yielding a smaller produce of flour, and 
'^P^S ^ Bomewhat less price in the market. » _ 

Amhoniitm, com. num. 18. Bynbol NH4. ^^^H 

.221. All attempts to isolate ibis substance have jbUo^ ' I 
apparently from its tendency to separate into ammonia and 
hydrogen gas. Thus, when ammoniacal amalgam is made 
.by the action of the galvanic current, it soon decomposes 
into fluid mercury, ammonia, and hydrogen. Tlie forma- 
tion of this amalgam fivm the salts of ammonia, seems 
to prove that they have a metallic base, although the exact 
nature of that base is as yet undetermined. The best evi- 
dence we have of the existence of the metal ammonium, is 
the perfect comparison which its salts bear with those of 
the alkaline metals. The symbol of ammonium is supposed 
to he NH4, because ammoniacal amalgam is decomposed 
into ammonia {NH3), hydrogen (H), and metallic mercury. 
Saa. Carbtmateo/am}»mia,iiH^C03. The carbonate of 
atnmonia has many of the properties of its ba^. Although 
chemically combined with carbonic acid, it still emits a pun- 
gent odor, and aflbrds an alkaline or basic reaction, Ex- 
posed to the air, at common temperatures, it disengages 
,^tnQ)onia, loses its pungency, and crumbles down to a soft 
jgfbite powder, which is a bicarbonate of ammonia. The 
" parties of this bicarbonate and those of potash, (206.) and 
B (218.), are much milder than those of the carbonates 
lijtfaese bases. When thrown on a hot iron, carbonate of 
ipmonia evaporates without melting. 
Carbonate of ammonia is used in medicine as a stimulant, 
i is frequently employed, under the name of " smelling 
U," as a restorative from faintri.ess. It is the chief fer- 
zing substance produced by the decay of animal and veg- 
' ' ) substances, which contain nitrogen. The odor of 
^. « and manure heaps is owing to the production of 
hFbnnate of ammonia. This may be removed by a bowl 
.,tautphuric or muriatic acid, which unites with the ara- 
inonia, forming sulphate or muriate of ammonia. 

223. CAloride of ammonium, sal amt>ioniac,yi Hi CI Sal 

aSl. Wriie the combining number and symbDl o{ Mnmonium. Why hsve 
hU lUempU to itolate Ihe m«Ul Bmmonium failed r Wliat ig the best eridance 
of the eiiBlenceDrihii melat! 

3SS2. Wiiifl uid eiplain the Bymbol of carbonBtrr of smmonia. Stale mnu^^gM 
^^Ul» properties. WhnlinHid otiiie propertiesofiliehinBrhnnBtc QtMMntnt^^^^B 
^^^BhUion "onu oftbe lueiof caibonule orainmuui^ Hon ms.-j Cob >i4t>t lAtf^H^H 
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I unisoaiBC is largely maiiufacturei] from the ammoniBical 
Squid of gas worka, and from the diBlillation of bones, aiid 



tber animal refuse, 
Tlie impure and highly 
are treated wiih a, elight 
which the free alkali ' 



paration of animal rharcoal. 
live Bolutjoua thus obtained, 
of hydrochloric acid, by 
and the carboniUe and 
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sulphate of ammonia decomposed with the eTolutioa of car- 
benie acid and sulphuretted hydrng-en. The fi-ce ammonitt 
of ihese solutions, and that contained in the decompowd 
carbonate and eulphurot, form chloride of ammonium in the 
solution. This liquid is evaporated to dryness, and the salt 
caivfully heated to expel and decompose the tarry matter; 
it is then purified by sublimation in large iron vessels lined 
with clay and surmounted with domes of lead. 

Chlonde of ammonium is found native in Italy, and in 
■erreral other places. When sublimed it has a fibrous lec- 
ture:. It iM tough and difficult to powder. "When crya- 
talised from water it separates, under favorable circum- 
•tances, in distinct cubes, or octahedrons, but the cryBtals 
are usually small and aggregated together. If a slip of 
glass (Fig. 80.) is washed over with a hot saturated ecdti- 
_., tionof sal ammoniac, tbe 

*" moisture will almost in- 

mediately be evaporated, 
and the salt will be de- 
posited in an aggrega- 
tion of crystals. The 
iployed with advantage in 
^ fa glass window is painted 

with a hot saturated solution of sal ammoniac, the salt will 
be deposited in a very beautiful radiated form, and will 
admit the light without being transparent. For rendering 
windows semi-opaque, this method is much preferable to the 
common way of using paint, paste, and similar materials. 

Sal ammoniac is used in tinning iron and copper. These 
metals are rubbed over with the solution, or dipped into 
it to prevent ihe oxidation of their surfaces. In soldering 
metals it answers a similar purpose. In dyeing it is used 
to fi%, brighten, and modify the colors. It is largely employ- 
medicine, and is used both internally and externally. 



same method may 

CTTStalizing other substances. II 
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THE ELEHEMTS AND THBIR COMBINATIONB. 



It is employed to form pure and carbonated ammonia, 
produce cold, and to excite galvaniam. It is also a verf 
valuable reagent in tlie laboratory. 

284. Hydrotulphttret of ammonia, ntfphide of amnt07iiv?n, 
KH, S+HS, is formed by pasaing sulphuretted hydfogen 
h liquor of ammonia to complete saturation. When 
ed, it will no longer cause a precipitate in a solution 
r'BUlpbate of magnesia. The hydrosulphuret of ammonia 
knu obtained must be kept in well closed bottles, since it ia 
by contact with the atmosphere. A yellow 
it of ammonium is in thi.s case formed. It ia inval- 
a reagent in the laboratory (303.), and is also used 
a medicine. 
225. mtraCe ofammwiia, NH,0, NOj, is easily prepared 
by adding carbonate of ammonia to slightly diluted nit- 
ric acid, until neutralization has been reached. The car- 
bonic acid of the carbonate of ammonia ia expelled, and 
sitrate of ammonia formed by the union of tbe nitric acid 
with the ammonia. By slow evaporation, at moderate tem- 
perUuraa, it crystalizes in six-sided prisms, Uke those of 
-niirate of potash (Fig. 73.) It dissolves in two parts of 
nUer, and is feebly deliquescent. Like the other nitrates, it 
IS on contact with heated combustible matter. Iib 
n the laboratory is in making nitrous oxidegas (174.) 
1(1^6. The aramoniacal salts are easily known. They are 
K decomposed or volatilized at a high temperature, and, 
'^n heated with hydrate of lime, or solutions of caustic 
iHes, they evolve ammonia, which may be known by its 
id its alkaline reaction. The salti of ammonia are 
r less soluble. Tartaric acid and chloride of plali- 
I, give the same reaction in aipmoniacal solutions as in 
16 of potash, but the former arc easily distinguished 
n the latter, as they volatilize (not only theamji ' ~" 

9 whole salt) on the application of heat. 

Lithium, com. num. 6. symbol L, 
227. A very rare baae, lithia, or oxide of lithium, occure 
in several minerals and mineral waters. It possesses prop- 
erties analogous to those of potassa. Lithium is obtained 
fay electrolyzing the hydrate of lithta in contact witb mer- 
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324. Write tha Bymbot of hydrcnulphurel of vnmon 
hich it )B prflpared- How is it preBerreil 7 Mentioi 
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oury, and then decompogint; the amalgam by dUtillatioo. It 
is B while metal, like sodium, and very oxidable. The oshle 
(LO), is an alkali, but much leaa soluble than potash or 
aoda. The sulphate of lithia is a very beautiful salt. It 

f'izea ill lengthened prisms contaiuiug one equivaleqt 
er. Ail the tialta ui^ liiliia impart a beautiful t 
u the outer flame of the blowpipe, and I 
1 



METALS OF THE ALKALINE EARTHS.B 






2+. 



228. Barium i 



t: 



Erocurcd by heating baryta ia a 
the vapor of potaasiiun is coDveye^ 
The vapor of potassium takes the oxygen from the ba^^ts, 
and the metal barium is reduced. The reduced metal is 
extracted by quicksilver. Barium has the color and Iiutr^ 
of silver. It is ductile, and may be beaten flat, though wit)i 
difficulty. It fuses below reduess, and does not volatilize «t 
ft red heat. When exposed to the air, at ordinary temperft- 
turee, it becomes covered with a white crust of oxide, uifl 
crumbles to a white powder. This oxidation is almost ia- 
stantuteous, so that, to catch the real color of the metal, ibv 
eye must follow the stroke of the file or burnisher. Wbaa 
heated gently, it hums in the air with a dark-red light. lo 
the flame of the oxy-hydrogen blowpipe it bums with fk 
chrysoUte-grcen light. It decomposes water with great 
energy. \ 

229. Protoxide of barium, baryta, BaO. This oxide hu 
an exceedingly strung affinity for water, and, when mixed 
with it, slakes Uke lime, though with a more intense heat j 
this is so great as sometimes to cause the baryta lo appear 
ignited. The kijdrate is a white, soft powder, having a 
great attraction for carbonic acid, and soluble in SO parts of 
cold and 3 of boiling water. A hot saturated solution de- 

227. Write the comliining numt«r and nimbol of lilhium. Where >■ lilb» 
feuod ! What i* nii) of iu |>fnpenie> 1 How it (he meliil liifaiura obtained 1 
Whktan it> pinpcniea > What uuid oflheiulphUe oriithii t Hnvdo the 
■Ikilirw metall differ fniD Ihoae of Ibe alkaline eutha T Wbi 
Ijur propeniei of the alknline melali ai gifin in an. SOS ! 

"" Wiile the ipecific anvily, coiDlnDlD| Dumber, and ijuitBl ot b 
liu metaJ procured * Suucic ' ■'- — 
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positB crystals on cooling. Tho formula for these is BaO, 
HO+9HO, {1 eijuivalent of the water of composition and 
9 of the water of crystalization.) Solution or hydrate of 
baryta is a valuable reagent. It is highly alkaline to teat- 
paper, and ia instantly rendered turbid by the emallest trace 
of carbonic acid. 

230. Chloride of barium, BaCI+aHO. The crystals of 
chloride of barium are flat, four-sided tables, colorleas and 
transparent. They contain 3 eq. of water, which ihey lose 
below 212°. At 60° one hundred parts of water dissolve 
43-5 of chloride of barium, and 78 parta at 222°, which is the 
boiling; point of the saturated solution. Their taste is sharp 
and bitter, exciting- iiauseau. They act on the system as a 
powerful poison. 

Chloride of barium detonates powerfully with combustible 
bodies. It gives a green light when heated with sulphur, 
and, when mixed with sulphuric acid, it produces a sudden 
and vivid flash. It is largely employed in the manufacture 
c£ fire-works. 

231. Sulphate of baryta-, heavy ipar, BaO, SO^, is found 
native in beautiful crystals, sometimes tabular, and some- 
times prismatic. It occurs in considerable quantity in trap 
and other igneous rocks, forming often veins of several feet 
in thickness and miles in extent. It is mined for mixing 
with white paint. For this purpose it is ground to powder, 
and this is washed with dilute sulphuric acid, by which more 
or less of oxide of iron is dissolved out, and its color thus 
unproved. The natural sulphate is called heavy spar, on 
account of its great weight, which is often as high as 4*4 or 
4-8 (sp.gr.) 

Sulphate of baryta is not sensibly soluble in water,* or in 
any dilute acid. Hot sulphiuic acid dissolves a little, but 
ibe greater part separates again on cooling. Before the 
blovrpipe it strongly decrepitates, and melts into a white 
enamel, which, in the course often or twelve minutes falls 

• This suit tequires for !l8 solul^qn 43,000 purta of cole] water. It ii not muet 

2B9. Write the tymM of the i)rol..iide of bstium. Whnt are some of Ibe 

^^Sto^n!] Molain ™e 'formula fo^lhrMr^te. Inlhis'foraiula why ■''re'lioi 
HO and 9H0 uoitHj I Wlial Is ihe principal use of hydnile of batyla t 
330. Wriie and eipUin the formula for dikicida of barium. Meatiaa soma 

\^ie aiid eipiain Ihe lymbol of sulphBle of bu^Ui. Uow imi x'tin 
iture ? Fur whal purpose ii it emplojed^ "WVi w 'iie ■a^s.-iiA 
liCBtj-spai 1 Slate some of the propBitiea ol 'tos ai^t- 
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By thb treatmeol it ia partially converted into 
, and, if applied to the tongue, will give a taste 
t of putrid eggs, which ariaee from the formation 
of so^huretlcd hydrogen. On account of the great lasoln- 
biKty of thia salt, it is not potaonous. 

232. Nitrate of baryta. BaO, NOj . The nitrate of baryta 
emtalizes in translucent, white, octabedroiis, which are 
aiuijdrous. It requires for solution, 8 parts of cold, and 3 
parts of boiling water. It is much less soluble in dihita 
nitric acid than in pure water, and does not dissolve at all in 
concentrated nitric acid. It is therefore precipitated ftmn 
■ta solutions by nitric acid. Nitrate of baiyta is used to give 
a green color to fire-works. 

233. Solntions of salts of barium are constantly kept in 
the laboratory as chemical tests. The nitrate and chloride 
are used to precipitate sulphuric acid from iH solution. 
The hydrate of baryta ia used to elTect the separation of the 
alkalies from the other bases, which it does by its greater 
affinihr for these bases. It is also used to separate carbonic 
add from certain gaseous mixtures. The soluble salts of 

> baryta are poisonous. 
Strontidm, 2+- 44. Sr. 
S34. Strontium may be obtained from its oxide by means 
■imilar to those employed in procuring barium. It is a 
ailrer-white metal, with less lustre than barium. It is dnc- 
tile, and decomposes water at common temperatures, and 
oxidizes rapidly in the air. 

Protoxide of slTontiuvi, atrontia, SrO. This oxide resem- 
bles in every respect the protoxide of barium, or baryta. 
Like that substance, it slakes with a great elevation of tem- 
perature when mixed with water. It is less caustic than 
potash, soda, or baryta. A hot saturated solution on cooling 
deposits crystals which contain 10 eq. of water. The hydrate 
has a strong attraction for carbonic acid. 

Chloride of strontium, SrCl, crystalizes in long six-sided, 
colorless needles, or prisms, which contain 9 ci\. of water, 
and ore sUghtly deliquescent. They are soluble in 2 parts 
of cold, and in ail proportions of boiling water. They are 
also dissolved in 24 parts of cold, and in 19 parts of hot alco- 



S32. Wrile ind eiplaia tha sjmbot of nitrate of bufii. Stnta 
pn)pertica. 
233. For wh«t pnrpoae are (he (olutiom of talcs of bsijls tmf\ajeA in' 
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This salt is used by pyrotechnist in the composition 
|Teii]led the fire cloud. 

Nitrate of slronlia, SrO, NOj, ciyatolizeB in anhydrous 
octahedrons, which are transparent and colorless. They 
require for solution 5 parts of cold and 1 part of bniUng 
water. They deflag;rate slightly on charcoal, and give a 
red flame. 

The salts of strontio, which are soluble, give a fine rose- 
red, or crimson, color to the flame of burning bodies. For 
I tiiis purpose they are used in theatrical exhibitions, 
I. fireworks. They are delected by tbi 
lijch they give to burning alcohol. 



Calcium, 



20. 



■. Calcium is a ailver-white metal, solid at the ordini 

piperaturee. It oxidizes rapidly in the air, and inflai 

in heated. It decomposes water. 

'rotoxide of calcium, Ume, CaO. Lime is obtained by 

g chalk or other kinds of limestone. If a piece of 

be exposed to the blowpipe flame, it will become 

lighter, and wiil no longer efiervesce with acida. It 

lost Its carbonic acid, and is now lime. If a portion of 

placed on moistened red litmus-paper, it causes blue 

' as, therefore, an alkaline reaction, which the chalk 

' To obtain lime absolutely pure, it must be made by igni- 
' ig to whiteness, in a platinum crucible, an artificial carbon- 

B of lime, procured by precipitation from nitrate of lime^ 

f carbonate of ammonia. 






CaO, NO= ^nitrate of lira 
NH„ CO^^carbonate of 



CaO, C02=CARBONATB OF LIME, insoluhle Salt, 
KHg, K05=niti^te''of1!^"monia, soluble sah. 

pare lime is a brittle, white, earthy solid, oflen of consid- 
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«rablc bardneso. It is quite infusible, and pbonihor 

emits a pale white ligiit at s high temperature. Wben ■ 

ened with water it Blakes wirli great violence, evolving h 

and crumbling to a soft, white, bulky powder, which is a 

hydrate containing a single equivalent of water. The latter 

can be again expelled by a red beat. When slaked, even 

L.lrith ice, lime is raised to a teniperaturo of 213°, and dia 

I.Mearo, as it rises, carries with it a large quantity of lima in 

P ft Mate of minute division. When exfKised to the air, it ako 

ftlU into powder, in consequence of absorbing moisture from 

the atmosphere. The hydi-ate iit soluble in water, though 

far lew so than either the hydrate of baryta or of strontia. 

Wann water dissolves less lime than cold water. 

Hydrate of lime has been obtained in thin, delicate cry»- 
tala, which are transparent, regular, six-sided prisms. These 
are formed by evaporation under the receiver of the air- 
pumpi or by placing a vessel containing lime-water, and 
another containing sulphuric acid, under a glass jar. The 
■ulphuric acid ab^orba the moisture from the air above the 
lime-water, and thus hasleiu its evaporation. The acid is 
renewed as often as it becomes saturated with moisture. 

Lime-water has a strong alkaline reaction, a naueeoos 
taste, and, when exposed to the air, becomes instantly cov- 
ered with a pellicle of carbonate, by absorption of carbonic 
acid from the sir. It must, therefore, be kept in closely 
stopped vessels. It is used, like baryta-water, as a test fyr 
carbonic acid. It is also of great use in medicine. 

When slaked and made into mortar, lime gradually absorbs 
carbonic acid from the atmosphere, and is converted into 
carbonate of lime, or limestone; but a great length of time 
usually elapses before tliis conversion is complete, Und^ 
fiivorable circumstances, mortar acquires extreme hardnesa 
with age. Lime cements, which resist the action of wateTi 
contain clay. A water cement may be made by bumiof an 
intimate mixture of chalk with one-fifth day. When this 
b ground lo powder and mixed with water, solidificatinn 
speedily ensues, and the cement in this condition ik unaffect- 
ed by water. 

Lime is of great importance in agriculture. Many plants, 
as peas, clover, tobacco, &:c. flourifib only in a soil containing 



lime. TAe tu/i of these plants always contains more than 
half its weight of lime salts. Lime promotes the decay of 



vegetable matter in tho soil and accompliatiea many other 

important pmposea, ua tbe dQatruction of certain hurtful 

compounds of iron in marsh and peat Imids. 

The caustic properties of lime render it serviceable in 

lanning. Skins soaked for a few days in lime-water, are 
^jEWsily freed from their hair; they are then tlirown into a-. ^_ 
bpa |>it. ~^d 

^Htf Lime is generally found in spring and well water ; hraMf^^^H 
^^Biese waters are called hard, because lime decomposes tU^^^| 

^' mnn. tnkino- itH m-iii* and Hettlno- fi'HR the fativ matfRr of thrf^^^* 
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soap, taking its acid* and setting free the fatty matter of thd' 
soap. 

When ignited, lime gives out an intense light, and hence, 
the Dmmmond light, a mixed stream of oxygen and hy- 
- en {183.) ia made to fall on a cylinder of lime. This 
ider revolves slowly, so that it consumes more equally 
;he flame of oxygen and hydrogen. 
^•336. Chloride of caldum, CaCl, is usually prepared by 
diBBolving marble in hydrochloric acid, or as a by-product in 
several chemical manufactures. Tbe salt separates from a 
strong solution in regular, six-sided prisms, which are color- 
less, and exceedingly deliquescent. These crystals contain 
ax equivalents of water. By heat the water ia expelled, 
and by a temperature of strong ignition the salt is fused. 

Anhydrous chloride of calcium dissolves in water with the 
evolution of heat ; but the crystalized salt produces cold by 
Bolution. In forming freezing mixtures, the crystals are 
reduced to powder, and mixed with snow or powdered ice. 
In a fused condition the chloride is of great use in drying 
I, for which purpose the gasea are passed slowly ihrougE 
I fttled with fragments of the salt. 
itube thus prepared is represented in ^"'8- ^1. 

_^ 81. 100 parts of chloride of cal- =^sffi^^S^= 
(Sum in powder, exposed to an atmos- 
phere saturated with moisture, absorb 124 paria of water in 
96 days ; a quantity greater than that which is required for 
complete deliquescence .t Chloride of calcium is freely sol- 
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able in alcoho), and foniiH with anhydrous alcohol a cryatali- 
zsble compound- 
as?. Sulphate ^ lime, gi/pnim, lelemte, CaO, SO,. Na- 
tive iulphate uf lime in a crystaline stale, containing S eq. 
of water, ia found in couaiderable abundance in some locali- 
ties. When melted it is rendered anhydrous. It b oftoi 
associated wiih rotk-aalt, and ia Boraetimes met with in lb* 
anhydrous state. When re^arly crystalized, it is termed 
selenile. lu a pure state it may be obtained from a modO' 
r«ely concentrated solution of chloride of calcium, by pre- 
cipitation with sulphuric acid. It is soluble in about 500 
narta of cold water, and its solubility is a little increased by 
beat; it is precipitated from its solution by alcohol. When 
& large quantity of sulphuric acid is poured upon a maai of 
quickUtne, tlie whole becomes red hot. 

Gypsum is largely employed in making casts of statues 

and medals, and also for moulds in porcelain and eaitii> 

en-ware manuiactureB, and for other applications. It ia 

exposed to heat in an oven when the temperature does OOC 

exceed SCO", and when the water of crystalization is thnf 

expelled, it is reduced to a fine powder. When this pow- 

I der ia mixed with water, it solidifies aAer a short time, 

I fermiiig again the hydrate. If, however, the gypsum has 

I been overheated, this effect does not take place. Artificial 

I colored marbles are frequently prepared by inserting pieces 

of natural stone in a soft stucco ot this substance, and pc^ 

i^tng the surface when the cement has become hard, oiil- 

pbate of lime is one of the most common impuritiei of 

> apring water (219.) 

L Gypsum has been long and extensively applied to Ifefl 
B.land as a manure. It is especially useful to leguminous 
F plants, as beana, peas, &c.(p. 172.) These plants not only 
absorb the lime, but also the sulphur of the sulphuric acid. 
Gypsum has also a beneficial effect on the growth of plants, 
as It fixes in the soil the carbonate of ammonia contained in 
the air and in rain-water. This effect is produced by ft 
double exchange, — the sulphate of lime and carbonate of 
ammonia becoming carbonate of lime and sulphate of am- 
monia. 

238. Carbonate of lime, ckaXk, limestone, marble, CaO. COa, 
Carbonate of lime forms rocky beds of ii 

S3T. Write the lymbul uriiilphBH 
■ulphHleoriime ! Mentinn ionwof m propeniej. Mow I* 
part male'. Fo( whal pujpoaei ia gypeuto lued! In wlial re 



I almost every part of llie world. These h 
er, usually more or less coDtaminated wirh oxide 
(rfiron, clay, and organic matter. The greatest diversity oi" 
texture and appoarauce exists in these beds of limeetone, 
arising, in a. great measure, from changes to which thoy 
have been subjected since tlieir formation. The most an- 
cient and highly crystaline limestones are destitute of visible 
organic remains, while those of more recent origin are often 
entirely made up of fossil shells. Sometimes these are of 
such a nature as to show that the animal inhabited fre^ wa- 
ter, but generally ihey ai-o the sheik and coral of marine ani- 
mals. Caviiies in limestones and other rocks are very often 
lined with raagniiicent crystals of carbonate of lime, or cal- 
. fftreous spar, which have evidently been deposited from a 
tery solution. These crystals have a greater variety of 
n and aspect than those of any other substance, except, 
Brhaps, the crystals of snow (132.) Although not sensiDly 
' lo in pure water, carbonate of lime is fieely taken up 
I the water contains carbonic acid (p. lOS.) Almost 
t natural waters, therefore, contain this substance dissolved 
f'tbe carbonic acid, which is always present in these wa^ 
This is particularly the case in limestone districts. 
irs in which such water is heated, speedily become 
3 with a tliick incrustation of carbonate of lime. 
» JMhograph'a: atones are made of a fine compact limestone, 
"""ley are covered with wax, grease, or varoiah, and through 
A coating the design is traced. A weak solution of nitric 
' 1 ia afterwards applied to the stone, and the time dis- 
res in those places which are unprotected; the other 
icea accordingly remain raised, and, when the wax is die- 
' red off, the design may be transferred by the press aa 
IB Other plates. i 

239. Fluoride of coJciuTa, Juor spar, CaF, occurs beauti- 
fully cryatalized in variouK colors, in lead veins, the crystala 
having commonly the cubic, but sometimes the octahedral 
form. They always cleave parallel lo the faces of an octa- 
hedron. A small proportion of the earth of bones (a few 
thousandths,) consists of fluoride of calcium ; a somewhat 
larger proportion is found in the enamel of teeth ; and a 
atiU larger quantity ia contained in Jbaaii honea. It is insolu- 

338. Wrlle tbe symbol of carboi- ale of lima How does BwbonBlo of ILme oe- 
eni ! Wbsl ia bsuI of Ihese beds of limE.Wne !— solubilily of larboniitB of 
linwT Ofwhatsre liibogrsphic alonca m»de ! Haw iFe eii^nwwisunsit rni 

239. WnU the tymbo! of Saoriir oi ca\aita. How doe* W« >,vi>»«»» "* 
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ble h) finre water, but like the other insoluble salts of lime, 
it is <ltsiK>lved, to a small extent, in water containing carboiuc 

Some varieties of fluor epw, when heated, emit a green, 
red. or yellow light. By sulphuric acid it is decomposed 
wit]) evolution of hydrofluoric acid (163.) 

240. Chloride of lime, bUachingpinrder, C90,C\0. Chlo- 
inAe of lime is formed when chlorine gas is gradually addej 
to lime slightly moist, and kept cool. It is a soft wMte 
powder, eoKily soluble in about 10 parts of water, giving A 
ni^ly alkaline solution, which bleaches freely. 

The use of chloride of lime, as a diEinfecIant, depeaidft 
on the action of the carbonic acid of the aimosphere, which 
gradually expels the chlorine gas, and converts the firae 
into the carbonate. Aiier a tolvtiim of chloride of lime 
becomes in this way covered with a crust of carbonate, the 
action entirely changes, the chloride of lime gives off pure 
oxygen, and becomes convened into chloride of calciniB 
(CaCL) 

241. The soluble salts of lime are instantly detected by 
oxalic acid, nr an oxalate in solution, which gives a dense 
white precipitate of oxalate of lime. This is an exceedingly 
characteristic test. 

Magnesium, 1+. 13. Mg. 

242. Magnesium is a silver-white metal, with a high luElre. 
It is very ductile, and capable of being beaten out into 

, thin leaves. It Aises at a low heat, and when heated io 
■inall pieces in the air, it biima with a moat vivid light, sA 
a ii^-ely emission of sparks, and becomes converted IBM 
I magnesia, which is the only oxide. Cold water, previonsh' 
F freed from air by boiling, has no effect on magnesium. A»d- 
ulated water dissolves it readily, evolving hydrogen, StA: 
phuric acid is decomposed by magnesium giving off sulphu- 
rous acid ; cold nitric acid gives off binoxide of nitrogen. 
This metal cryatalizes in octahedrons. 

carl In whiil psHi nf ite ■ninml franw ii fluoride of cJcium found f WlM 
ianidof iu paluliiliiy 7 Whni olhrr piapFriies of flnorsMrare menliuncdl 
240. WriuiheeimboIofcLloiideanime. How isitrarmpdT Mpnlion ioibb 
of il* propeniw. Upon ivlmi does its use us n dieinfeclBnt depend t What is 
the iPlioo afier the chloride of lime «oIuiic)t) becomes ootered with ■ ctu« of 
CHfbotiflle of lime ? 

1. How are (he soluhle BslU oflime detccledl 
I. Wrile the upeeific grsriiy, comhiniiig number, and symbol of mi 
- - -'-WprnpertiaH. 
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13. Magnetia, calcined tnagnesia, MgO. Mn^esia ia a 
white, tasleleEa Bubstance, whicb slowly attracts mois- 
bire and carbonic acid from the atmoaphere, and iinitw 

auietly with water to form the hydrate. In ihis respect il 
ifiers from the hydrate of lime, baryta, and strontia. It 
poBsesseB a very email degree of solubility, and, like lime, 
ts less soluble in hot than in cold water, requiring about 
£0,000 parte of water at 60°, and 36.000 parts at 2120. Its 
sJkaline reaction with test-paper is feeble, and may be oh- 
aerved by placing a small portion in a moistened state up<m 
teet-paper. It, however, neutralizes acida in the most com- 
plete manner. 

244. Sutphateofmagntsia, £p»o»i W(,MgO,805,+7HOt 
occurs \a eea-water, and in the water of many mineml 
springs. It also occurs crystalized in long, elender, prin- 
natic crystals (see Fig 82), or as an efflorescence on certain 
rocks and soils which contain magtieaia, and a sulphate or 
Bulpburet Id the United States it is found abundantly in 
the great cavems west of l)ie Alleghany Mountains. In 
one of these caves, near Corydon, in Indiana, it forma a 
■Iratum on the bottom several inches deep. It also appears 
on the walla of the cavern, and, if it be removed, acicular 
crystals will again appear in a few weeks. It is now 
manufactured in large quantitiea, by acting on magnesian 
limestone with sulphuric acid, which produces a mixture of 
sulphate of lime and sulphate of magneeia. The sulphate 
of magnesia being soluble, is easily removed by filtration 
from the sulphate of lime, which is nearly insoluble (337J, 
From a hot saturated solution, this salt crystalizes bean" 
fully in four-sided rectangular prisms. This crystalizatB 
is represented in Fig. 82. This salt y. ^ 

may also be crystalized on a slip of — ' — 

glass, as described on p. 166. The 
crystals of sulphate of magnesia are 
soluble in an equal weight of water 
atW, and in a still smaller quantity 
at 212°. They have a nauseous 
bitter lasie. It is exceedingly valu- 
able in medicine, aa a mild and safe 
CBtbartic. By beat, 6 eq. of water 
are easily driven off, but the seventh is firmly retained. 
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178 Ki.n»i>T0 or cmxtBTwr. 

S4A. Carbonate of magneria, MffO, CO], b found natrre 
in magneBisn rocks, and is fonnea artificially by decompo- 
■ing any of the soluble salts of magnesia by an alkaline car- 
boDSle. It is insoluble in water, but, tike carbonate of lime, 
(23S.) dissolves in 3 solution of carbonic acid. When stirred 
Up with water, it manifests a slight alkaline reaction. When 
tnis solution is allowed to evaporate spontaneously, small 
iniBinstic crystals are deposited, which cohnsI of carbonue 
of magnesia, with 3 cc\. of water. In dry air they elHoresoe 
ftnd lose 2 eq. of water. This salt has important uses in 
medicine. 

246. Silicata of magnesia. The following natural com- 

goonds belong to this class ; steatite, or »oap-tt<mt, 5 (MgO, 
iO,) + 2HO; mefrrcAa«™,MgO,SiO, + HO. Meerachaum 
is found in various parts of Europe, chiefly in Grreece and 
Turkey. It is a very porous substance when baked, and !■ 
therefore used in the manufacture of pipe-bowls, in which 
Soum it often cornea to this country. By ila porosity it absorbs 
a noxious oil that is produced in smoking tobacco, while iU 
bardueBS is so ereat that it is not easily broken like clay- 
pipes. CAryiolitf, 6 MgO, 4810, + 3U0, is a cryelaline «&■ 
cats of magnesia, sometimes employed for ornamental pm^ 
poses. A portion of magnesia is sometimes replaced hy 
protoxide of iron, which communicates a green color. Sa^ 
jwH/uieisa combination of a silicate and hydrate of mapneoi. 
Jade is a silicate of magnesia combined with silicate of ahiii»- 
ino. Its green color is owing to oxide of chromium, wbich It 
contains. Augite and homblettde are essentially double siH- 
eates of mngneHia and lime. The magnesia is also more ot 
less replaced by protoxide of iron. 

247. The salts of magnesia ai'e known by a white crystal- 
ioe precipitate, which they form with the soluble phosphates, 
especially with phosphate of soda, or by the precipitaCa 
formed with ammonia. 

MS. Write the symlBl of cstlionateol migDeiia. Where in Ihii nit foiodl 
Stale loine o[ its prupfliliei. 

M6. Mention mine o{ Ibe ailicjilec of magneiin. 

347. How are ihe iialu of niBfneeia detected t How Ire (be inetBb of SA 
gmup dietinfaighei! from thoae of ihe fint poap I (203.1 What an liu pccvIbI 
prepoitiea of Iba memU ol tbie group ! pm.) 








T-S48. Aluminium is obtainetl in the form of a BT^y powdft^^ 

Ifesembliitg finely divided platinum, with shining tin-white 

pDUits scattered among the powder. The whole may be 

rendered tin-white by burnishing. It may be compi'GBsetl 

in an agate ntortar into larger scalea, haying the perjeet 

metallic lustre. '~ 

, Aluminium is fuaibJe with great difficulty. When hei 

|0 redness in the air it burns brightly. In oxygen its c 

" ^Tiation is so brilliant that the eye can hardly endure it, and 

I great a degree of heat is produced that the alumina 

limed by the combination is partially fused. 

|>24d. Alumina, sesqutoxids of abaninixm, Al^O,, is pre* 

"' 1 by mixing alum {sulphate of alumina), with ammonia. 

lina and sulphate- oi aramonia are produced. The 

r being soluble, remains in the solution, while the aln- 

lliiia being insoluble id precipitated in an extremely bulky, 

" bite, gelatinous precipitate. In this form it is a hydrate of 

"y remaining- in the air it dries, and its volume 

iced to a few hundredths of the bulk of the 

To render it pure, the hydrate is washed. 

\ is then dried and ignited to whiteness. Thue obtained, 

ittmina is white and friable. It ha? no taste, but adheres 

bthe tongue. It is very little acted on by acids. "When, 

[(Fever, the hydrate is dried in the air, or by a gentle beat, 

'^out ignition, it dissolves freely in dilute acide, and in 

'" tic potash or soda. From these solutions it is preci_pi- 

1 by sal ammoniac. It is highly hygrometic, condensmg 

lilt IS per cent, of moisture from the atmosphere in damp 

father. It is fusible before the oxy-hydrogen blowpipe. 

" B ruby and sapphire are transparent varieties of a mine- 



3 called corundum, which consists of nearly pure alumina 
in a crystalized state, with a little coloring oxide. Emory, used 
for polishing glass, is a coarse variety of corundum. Alumina 
is a very feeble base, and its salts have often an acid reaction. 
250. Clay is a silicate of alumina. If a piece of clay bo 
hollowed out, and some water poured into the cavity, it will 
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■ymbol of kluBiniuin. 



K'taot pMvolate through it as it does through sand or | 

I When beds of nlay exist beneath the aoil, the rain is i 

Bble to peoctrate through these beds, aud conseqaen^ 

iogt and nuiTahea are formed. These may be drained by. 

boring boles through ihe tlay beds d»wii to a layer of more 

^^_ loose earth, through which the water can flow. In maitv 

^^Kylacee in the iniencir of the earth, alternate hedaof clay and 

^^Kjuul are formed, one above the other.(Fig. 83.) If thesa 



Fi«. 83. 




Rrata ftscend on each side, forming billa, the rain water, as 
it runs down, must collect between the layers of clay, and 
riiO in them wherever an opening exists, or is formed. From 
die fignre it ia obvious thai if a boring is made through a 
second bed, zb at h, the waler may rise higher than in the 
boring through the first. These artificial fountains are called 
Artaian welli, from the province of Artois, in France, vffhere 
(hey were first made. 

Clay acquires a violet color, when digested with an infu- 
sion of logwood for some hours, and renders the solution 
much more transparent. This it does by its power of ah- 
tarbing coloring matter and rendering it iniolubh. It also 
absorbs unctuous substances, and hence it ig much used for 
extracting greaae-spols from wood, paper, &:c. It is spread 
over the surface of these substances, and allowed to remain 
a day or two in contact with them. A soft variely of clay 
ia used in manufactories, for removing the grease applied to 
Ae wool in spinning. That clay has much greater power 
of imbibing moistnre, may be shown by placing 
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3 of dry pulyerized clay on a filter, and half 
e of sand on a second, and pouring water on each. 
After filtration has ceased, the clay will have gained three- 
eighths of an ounce, and the sand only one-eighlh of an 
ounce. If the sand ia very coarse, its increase of weight 
will be still less- 
Granite, porphyry, trachyte, and other unstratified rocks, 
consist ID great part of clay, or ailicate of alumina, which, 
under peculiar circumstances not well understood, sufler 
complete decomposition, being converted into a soft triable 
mass of earthy mailer. Decomposed feldspar, one of the 
constituents of granite, forma the clay which ia used in the 
manufacture of porcelain. This clay is often colored by the 

The common red pottery ware, and also bricks and tiles, 
are made of common clay, mixed with a portion of sand. 
The common while ware, stone-ware, tobacco-pipes, &c., 
ftre made of fine white clay. Two thin pastes are made, 
one of this clay mixed with water, another of ground flinL 
These pastes are then mixed together, and when dry 
enough to work, they are made into various kinds of ware. 
These are suffered to dry, so that they may be handled, and 
then placed in an oven and burnt to hardness. As yet tbey 
are without gloss or glaze. This is then put on by a hrush, 
or by dipping the article in a tub of glazing material. The 
ware is then again burnt. By this last burning, it is vitri- 
fied. Finally, the colors are laid on and burnt. For com- 
mon ware, only one burning is performed, the three opera- 
tions above described being performed at once. The pat- 
terns upon ordinary porcelain, are first printed upon paper 
which IS attached to the plate or other article before bum- 
* ig. The color adheres pormancatly to the surface, when 
)Bt is applied. The mineral color chiefly employed for this 
se, is oxide of cobalt, which gives blue figures. The 
I of chrome and manganese are also occasionally 
ployed. The steel lustre Which is sometimes given to 
rcelajn, is produced by platinum. lu the mora deli- 
I patterns, the colors are generally mixed with the oil 
tirpentine, and laid on with a camel's bair brush, When 
Iveral colors are used, ihey require various temperatures 
for their perfection ; those colors which bear the highest 
heat, are first applied, and afterwards, those which are 

ihopiKce*! otglaiing. How nre tho pnllems on oiAmm^ ^nnXwrn m*ii> 

Whal BUlmimicoj are emplujed lo gite colowd fieuies''. Ud— — •' -^-^ 

lauall}' poi OB ? How u poreelmo gilded 1 0( irtitt i» 
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I brought oul at a lr>wer temperature. The gilding of p 
]ain is generally perfonned by applying finely [divided gold, 
raised with gum-water and borax. Upon the application of 
heat, the gum burns off, and the borax melting the eurfacfl, 
causes the gold to adhere firmly. It is afterwards bumiBhed. 
Stoneware is made of clay, containing oxide of iron and a 
Kitle lime, to which it owes its partial fusibility. The glaz- 
ing is performed by throwing common salt into the heated 
furnace. The salt is volatihzed and decomposed by the 
joint agency of the ware and of the vapor of the v 
ways present — 

Na Cl^chloride of sodium, 
HO =water. 



h 




NaO =80da, 

HCl ^hydrochloric acid. 

The soda forms a silicate which fuses over t 
the ware, and gives a thin but excellent glaze, 

Earthexicare. The finest kind of thia ware ia made offt 
white secondary clay, mixed with a considerable (juantity of 
silica. The articles are thoroughly dried and fired, ^er 
which they are dipped into a readily fusible glaze-mixture, 
of which oxide of lead ia usually an important ingredient, and 
when dry, reheated to the point of fusion of the mixture. 
The ornamental designs in blue and other colors, are printed 
on paper in enamel pigments, mixed with oil, and trans- 
ferred, while still wet, to the unglazed ware. When the 
ink becomes dry, the paper is washed off and the glazing 
completed. The coarser kinds of earthenware are some- 
times covered with a whitish opaque glaze, which contains 
F oxides of lead and tin ; such glaze ia very liable Co be at- 
tacked by acids, and ia dangerous for culinary vessels. 

Cnteillet are made of clay, free from lime, mixed with 
sand, or with ground ware of tho same kind. Sometimes a 
mixture of plumbago and clay is iised for the same purpose, 
and powdered coke with earth has been used. Crucibles 
made in this way, bear rapid changes of temperature with- 
out injury. 

Ilowiaitglaicd! Explain Ihe diagram. 0(w 
Je! How i« it gkied T How m ll 
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of great value in the 
it imparts no coloring matter itself, yet it has the po' 
ti^fix'mg and deepening the colors of other substances. It is 
therefore called a mordant, (Latin, ■mordeo, to bite,) because 
causes the colors to fasten firmly to the fibre of the cloth. 
252, Cotulituen/s of arable land. If a piece of thoroughly 
Vd clay be exposed to the air for several weelo, it will 
ibund to have gained in weight. This increase in weight 
owing lo the water, carbonic acid, and ammonia, which it 
li&e absorbed. The presence of ammonia may be perceived 
from the smell when it is triturated with some lime, and a 
few drops of water(p. 137.) As water, carbonic acid, and 
ammonia, are the most important means of nourishment to 
plants, it is evident that clay must enhance the fertility of 
the soil. The clay moat fertilizing in its properties, is that 
which has stood fur years in contact with the air, since, by 
exposure, soluble salts of lime and potassa have been formed 
in it. For this reason, bricks or clay-fragments of old build- 
ings, are valued as excellent manure. Hence clay lands, 
when gently burnt, are rendered more fertile, because the 
porosity of the clay is thus increased, and consequently Itft 
oapacity for absorbing air, ammonia, &c. Badly bui"' 
bricks fiirnish excellent manure. 

Clay, or loam, and sand, form the principal 
arable land. A soil wholly composed of either sand or clay, 
is wholly unproductive. A clayey soil is too compact and 
heavy, not allowing the roots of smaller plants particularly, 
sufficient room to spread. This soil is also so dense as to 
prevent a free circulation of air. By showers of short dura- 
tion, it becomes balked; a crust forms on its surface, which 
{irevents the water from penetrating into the soil. After 
ong continued rains, it becomes ntxtddy, and it then allows 
the water to evaporate but slowly, and remains for a long 
time, 'wet and cold, A sandy soil suffers from the opposite 
disadvantages. It ia too porous, and does not hold firmly 
^—fiie roots of plants. It is easily raised up and blown away 
^nhr the wind, and it permits the rain at first to penetrate too 
^Btteply, and afterwards to dry up loo rapidly. A clayey 
^P^l may therefore be improved by the addition of sand, and 
^'a B&ndy soil by the addition of clay, loam, or marl, 

251. Whu jg lud ofihc age of slumins in dyeing! 

2iS. WhulfliijeruDenl illugirats* ihe poweiaf clay to nbmrb gtseaj Wtat 
it the effaotafcJ*]' npan the soil ' What kind of cUy winoHVfet^\\vivTi^\ 'W^ 
mra olay luidg iniprofed by hiniing ! Mention lliB piiBcipii mwefiKW" ril m/^ 
bitlaod. Wi/isBgoiJeDiDposedofeitherclBLy ot ■andQn^TuAaw.i""^ 
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S53. Sniphafe of alun 
snlt is prepared by satin 
irate of alumina ( AljOj) and evaporating. 



'., AljOj-j-SSOj+lSHO. TioM 
lag diluie sulphuric acid vritli bj- 
aring. It crystsUzesm 
ihin pearly plates, siiluble in 2 parts of water. It has a 
eweei, astringent taste, snd an acid reaction. Healed to red- 
ness it decomposes, leaving pure alumina. 

Sulphate of alumina combines with the sulphates of pot- 
ash, soda, and ammonia, forming douhle laka of great tntei^ 
est. These salts are called alums. Common alum 



i 



I AUp»-3S0, +*^?V^? +24Ha 

Alum is therefore a. double sulphate of alumiua and _ 
ash, with 24 eq. of water of crystalization. It reddens lit- 
mus paper, and diasolvea in 18 parts of water at 60°, and ia 
its own weight of boiling water. All ihe alums are soluble 
salts, with a Ewect astringent taste, and all contain 24 eq. of 
-water of crystalization. 

Alum is largely employed in the arts, in preparing skins, 
dyeing, &c. When it is added to a solution of coloring mat- 

, ter, and the alumina is precipitated by an alkali, all the col- 
oring matter is thrown down with the precipitate, and fornu 
what is called lake. The common lake used in water-colop-, 

, ing, is derived from madder treated in this way. 
'a a lake from cochineal. 



CuROMItlH, 



S8. 



Camu^^J 



254. The most important ore of chromium, is chromati 
his is a dark colored substance, totally unlike 

) beautiful compounds that are formed from it. It IS 
rather abundant, particularly in this country. On account rf 
its great affinity for oxygen, the metal ia ver^ difficult to' 
procure. It is whitish-gray, or between tin-white and steel- 
gray. It is bard and very brittle, breaking when liglitli' 
Blruck with the hammer. It resembles cast iron, is almoM 
infusible, and nearly insoluble in acida. Ky fusion with Dl- 
tre, it may be oxidized, but does no! change in the air. 
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ptttast (257.) 
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KO, 2 CiOs^: bichromate of potash. 
SOg =^sulphuric acid. 



KO, S03=sulpbate of potaBn. 



tohromate of 



The chromic acid ia deposited from the mixture when 
ruby-red prisms. The aulphate of potash above 
lie crystals may be turned off, and tlie chromic acid dried 
on a porous brick. It must be kept from organic matters, 
which at once decompose it. For this purpose it shonld bo 
secured under glass. A little of this acid thrown into alco- 
jfcA, or ether, produces violent action, and sets fire to the 
■~"-;ttire. It is very deliquescent and soluble in water. Its 
ition ia instantly reduced by contact with organic matter. 
^S56. Chromate of potash, KO, CrOg, is formed on a large 
'B^Eile by heating the native chromic iron with nitrate of pot- 
aah. After the mass has been ignit«d for a considerable 
time, the product is treated with water, which dissolves out 
the chromate of potash, forming a yellow solution. This, 
by evaparation, deposits anhydrous crystals of the same 
color. Chromate of potash has an alkaline reaction, and a 
cool, bitter, and disagreeable taste. \t is soluble to a great 
extent in boiling water, and in two parts of water at 60°. 
It is insoluble in alcohol. 

S57, Bichromate of potash, KO, SCrOj, is formed by add- 
ing sulphuric acid to a solution of the yellow t-hroraate. 
. pnehalf of the potash is In this way removed to form sulphate 
"p potash, and the bichromate crystalizes by slow evapora- 
"Ti in brilliant red, four-sided, and rectangular tables and 

BinB. Its powder is red dish -yellow. It decrepitales in 
the fire, and fuses at a heat considerably beloiv redness, 
forming a transparent red liquid. It is soluble in ten parts 
of water, and the solution has a cool, bitter, and metallic 
taste, and an acid reaction. Both the chromate and the bi- 

SS5. Write the ■ymbol of chroniic acid. How is Ihis acid ronoed 1 £x- 

S66. Write ipd eiplnia Ihs symlml uf chiamuxe of putub. 
farm ed I fi[»l« aome of iis propeOios. 
^■B(7. WriM and explain the lymbul of chmmate of ^laltufti. &\b\b 'Coc 
^^brmnor ''>'■ ■•'(- Meotion HMoe of its grooentei knA 
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diromata of potash, are prepared on a large scale for the 
use of ihe calico printer, and for making chrome yellow. 

258. Chroraate of lead, chrome yellow, PhO. CtO,. This 
yellow pigment is prepared by precipitation from the nitnte 
or acetate of lead, by a solution of chromate or bichromate, 
of potash 1 



PbO. NOs=nitrftte rf lead. 
KO, CrO,=chroBiate of lead. 



PbO,CrO,=CiiaoMATE op lead, insoluble aalt. 



KO, NO. 



of potash, soluble salt. 



I 



' When boiled with lime-water, the chromate of lead Ibaes 
half its acid, and a sub-chromate of an orange-red color Is 
ittt. Siill more of the chromic acid is removed by adding 
chromate of lead to fused nitre, and ai)erwards diasolriiig' ] 
out the soluble salt by water. The product thus obtaia^ 
IB cryBtaline, and rivals vermillion in beauty of tint. The 
abetraction of chromic acid, therefore, changes chromau of 
lead to orange and red, while the addition of this scid 
changes the yellow chromate of potash to the red bichto- 
mate of pota«h. (See also chromate of eilver, under the 
head of silver.) 

259. A soil of chromic acid is delected by the yellow pre- 
cipitate of chromate of lead^nd chromate of baryta, wbidi 
it ibnns with sotutioiit> of baryta and lead. Nitrate of mer- 
cury forms a rich cinnabar precipitate with solutions ' of 
chromium, nitrate of silver a carmme changing to purpte,' 
I nitrate of copper a chestnut colored precipitate. The saltB 
L of chromic acid may tte generally distinguished by ihor 
' color. 
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S60. Manganese is Gomcwliat abundant iu oature in an 
oxidized stale, forming or entering into Ihe composition of 
several interesting minerals. Traces of this substance are 
£requently found in the ashes of plants. It ia a grayiah- 
whtte metal, with but little metallic lustre, resembling some 
vnneties of cast iron. It is very soft and easily split, and 
yet brittle. It is destitute of magnetic properties. When 
free from iron it oxidizes so readily that it requires to 
be kept under naptha. It is fusible with great difficulty. 
"Water is not sensibly decomposed by manganese in the cold. 
Dilute sulphuric acid dissolves it with great energy, evolving 
hydrogen. It is also oxidized rapidly by other dilute acids. 
Manganese forms an immense number of salts. Even 
_^ie combinations with oxygen alone are very 

k Protoxide, 
kDeutoxide, 
W Tritoxide, 
■(peroxide, 
^Manganic acid, 
" f firman ganic acid, 

|61. Feroxide of maaganete, Mack oxide, MnOj, is 

ion ore of manganese,-and the most important com- 

; is found both massive and crystalized. It has & 

It color, is insoluble in water, and refuses to unite with 

_. It is decomposed by hot sulphuric acid, with the evo- 

lon of oxygen gas, and by hydrochloric acid, with the 

plution of chlorine (135.) This oxide of manganese haa 



MnO. 

Mn,0,=MnBO,a.* 

Mn20a=MnBO,j. 

MnOj =MnBO,j. 

MnO, =Mn40,3=Mn,Oj,. 

Mn20,= . . . MnaOai- 
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ofliderablo i: 



1 commerce, t 



of its uses 



making chlorine for bleaching, and also as a component of 
glass(p. 139, 161.) 

£63. Manganic acid, Mn O3, is not found in a free state, 
nor formed separately. It ia produced when an alkali is 
f«aed with an oxide of manganese. The alkali causes the 
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I of oiygen 1 
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tnan^neae to take ui addUionnl quantity of oxygsn ( 
tbo air, and by this the oxido is converted into an acid, 
i^hicb unites with anil saturates the alkali with which it is 
iiiseiL Wlien potash is the alkali employed, a mang^anste 
-of {Mia*}] isihiia formed, in green cry stab. These dissolved 
in water give an enter ald-grecn color to the eolation, wbi^ 
cfanost immediately changes from iho ahsorption of oxygtzi 
from the air, bt^coming in quick succession, green, blue, ptK- 
ple, and finally crimson-red. For this reason it has beeB 
called the catudeon mineral. The last color ia due to ibe 
presence of permanganic acid, which, like the manemuc 
aod, cannot be separated from its combinations, but lonnB 
a salt with potash in beautiful purple crystals, 

263. The salts of manganese are easily detected by the 
blowpipe. With borax, they give an amethystine bead, i 
the outer flame, and a colorless one in the inner. With CK 
banate of soda, they give a green bead. This is a more defr 
I cate reaction than that with borax. 




I Ibon, 8. 37. Fe. 

S64. To this most valuable of all the meials, the pre 
civilization of the world, and the progress of the arts 
sciences, are owing. It is probable, that its uses were but Et- 
tle known in the earlier periods of society, although we find 
it mentioned by Mosea and the earlier writers of the BiUe. 
Even the Romans, quite late in the history of their empire, 
employed in alloy of copper and tin in their armor, instead 
of iron. The amount ot iron consumed at the present day, 
by any nation, indicates very truly its advancement in tfae 
arts and sciences. 

Iron must, geuerallyj be obtained from its ore, which U 
fotud lying in the earth, or imbedded in otlier rock ; gold 
is found on the surface in the metallic state. The latter noay, 
therefore, be well known in a savage or half-civilized stue 
of society, while the valuable properties of the former are 
I entirely unknown. 

In the condition of oxide, iron is almost universally dif- 

bsed. It constitutes a great part of the common matter of 

F rocks and soils. It is contained in plants, and forms an ea- 

raponent of the blood of the animal body. As Bie- 

262. Wtile ihs symbol of iDaDguiic acid. How is Ihia acid fomtad t Slate 
Mine of iu propemes. 

363. How an tbe BitMafniangaiiHe detected t 

264. WriIiitIw>pecificgraTily,«nBbiDiB( number, and cTrnbol of iron. Wb«l 
« ■nil/ of the history of jrnn \ How rnuiA uob vntcii^ 'oc •MsonA.t Haw 
|h M» mtla.] occur T 
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Fig. 8*. 



tolEc iron, it foms at Canaan, in Conneciicut, a vein about 
two laches thick, in mica-slate rock. It frequently, also, en- 
ters into ilie composition of meteorites, or stoneB, which fall 
from the air. 

863. In reducing iron from its ore, a mixture of Hcveral 
kinds is generally used, because it has heen found that the 
iron is reduced more eaaily in this way than when only one 
kind is employed. The mixed ore is piled up along with 
billets of wood, coal, and otber combustibles, in heaps foar 
nor five feet high, and many feet in length and breadth. The 
tbustibles are set on fire, and allowed to burn for some 
until consumed. This roasting drives off the sulphur 
carbonic acid of the ore, and renders it brittle. It ia 
broken down, and mixed with certain proportions of 
:oa], coke, bituminous or anthracite coal, or limestone, 
put into a hiast funiace. This furnace (Fig. 84.) is 
iUt forty or fifty feet high. A A are the sides of the fin^ 
e. They are made in such 
way, as to be capable of bear- 
the most intense heat with- 
injury. B is a hole, made 
a considerable elevation from 
fire, for the introduction of 
mixed materials. D D are 
^ es connected with bellows 
or other machines for blowing. 
Beneath the furnace there is a 
i«ceptaclo for the melted met- 

Iron ore contains many m- 

ients which must be melt- 

1 order that the iron may 

flow forth. Among these one 

of the most important is silica, 

vhich is often added when it does not exist in eufiicient 

luantity. Lime ts also added, which fonns with the silica 

flass that melts more readily tlian either of its conatitu- 

{168, 235.} separately, and flows off as alag, bearing 

it, to a great extent, the impurities of the iron. 

The metal obtained by this process is not pure iron, but a 

combination of carbon and iron. A hundi'ed weight when 

265. Slale Iha procoai Cut leducing iron from its ore. Eiplain Fig. 84. 
How «rc ihe foreign ingredieon Beparaled from Ihe ore '. WVim w »«i lA ft* 
BHlsl oliisiiied bj tiiia procent 1 Hdw ig it deptiyei at An ■ia*«ii ■*- ^""fc 
Mia tbete fumaeei asia)ly called when eDipki;ed {qiV^W s<uv(Ae^ 
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flow 
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from the ore, lakes tip i 

carbon, and likewise some siticun from the eilicic acid, «lu- 
nunium &am tbe clay, and sometimes, also, a trace of >nl- 

C* r, phoepbonis, arsenic, &c. This iroii is deprived of ita ear- 
by re-melting in areverberalory fiiniace(p. 159), where 
the iiiel does not come in contact with the iron itself. In this 
fbmace, a cheaper fuel than coal may be used, as peat. Tbe 
hiroa isc«nsiant1y stirred in tbe reverberalory furnaces wbjcfa, 
r wben employed for purifying iron, is generally called a jmd- 
iiling furnace. 

266. Pure iron has a while color and perfect lustre ; com- 
monly, however, its color is a peculiar gray. The crysialino 
form IS probably a cube. In good bar iron, or wire, a Sbmus 
texture may always be observed when the metal has been 
MtBcked by rusting, or by the application of an acid, and 
ttpon tbe perfection of this fibre much of its strength and 
value depends. Iron is the most tenacious of all the meiaU; 
a wire of y^ of an inch in diameter bears a weight of 60 
pounds. It is very difbcult of fusion, and, before becoming 
»quid, paascH through a soft pasty condition. In tliis stale 
it may be welded (p, 146], which is usually performed hj 
aprinkling sand over the heated metal. This combines wilo 
the superficial film of oxide, forming a fusible silicate, whidi 
is subse(]uently forced out from between the pieces of iron 
by the pressure applied. Clean surfaces of mctat are ibtu 
presented to each other, and union takes place without diffi- 
culty. 

In dry air iron does not oxidize at common temper attires. 
Heated to redness, it becomes covered with a scaly coating 
of black oxide, and, at a high white heat, burns brilliaiitlyi 
producing the f^ame substance. In oxygen gas the comboB- 
tion occurs with still greater ease. The finely divided 
spongy material, which is fanned when the red oxide ip 
reduced by hydrogen (which takes the oxygen to form 
water), at a iieat below redness, takes fire spontaneously is 
the air. Pure water, free from air and carboniC acid, does 
not lamiah a surface of polished iron, but the combined 
agency of Iree oxygen and moisture, speedily leads to th^ 
production of rust, which is a hydrate of the seGquioxide. 
The ruetins of iron is wonderfully promoted by the pres- 
ence of a little acid vapor. Dilute sulphuric and hydro- 
chloric acids dissolve iron freely with tlie evoluiion of h jdro- 

266. UcnlianKKna of Ihe ptDwnleB of iron. Why ii Mnd aprinUeili 
tti hoi iitin in the prwcH of welding 1 Whst is «id o' ■■ • - 
le OMygea ! — miijaeusia ! 






gen. Below a red heat iron ia strongly magnetic, but at 
thiB temperature it loses all traces of tnagnetiam. 

2G7. Sesguioxide of iron, Fej.Oj. If some iron filings are 
introduced into a tumbler filled with spring water, the iron 
win gradually lose it lustre, assume a blacK color, and be- 
come converted into magnetic oxide of iron. If the water 
is first boiled to expel the air and carbonic acid which it 
contains, the iron will retain its metallic lustre while it re- 
mains beneath the surface; but if the water be poured off, 
I *j»P ''■"I "*" wming into contact with the air will soon mtt. 
H ia the aesquioxide of iron with 3 eq. of water which it 
baTbH from the atmosphere, and which is the cause of the 
Ifow color of rust, 
F*Ttifl oxide of iron ia found native in the beautiful specular 
* of £Iba, and also in the red and brown hematite*. It is 
ightly acted on by the magnet. Il is often of a brilliant 
' s oeAre of various tints, is much used as a pigment. 
mmonia precipitates it from its solutions as a bulky red 

PjS68, Magnetic oxide, black oxide, loadttone, FEjOj, ia 
^U of the moat valuable of the iron ores. It ia often found 
riegulsr octahedral crystals, and is the chief product nf the 
nidation of iron at high temperatures, in the air and in 
Uieoue vapor. When properly prepared, it is of a deep vel- 
)t-black color, without any shade of red (sesquioxide), and 
Ixacted by the magnet. It does not form salts. 

269. ProlotulpAuret of iron, FeS, is a blackish, brittle 
Wifitance, attracted Ijy the magnet. It is constantly used 
li the laboratory, in the preparation of sulphuretted hydro- 
gen (164.) For this purpose, it ia made by throwing into a 
red hot crucible, a mixture of 2j parta of sulphur, and 4 parts 
of iron filings or borings of cast iron. The mixture is gen- 
erally added in small quantities at a time. It is beat to ex- 
clude the air as much as possible. The same substance is 
formed when a bar of white hot iron ia brought in contact 
with a roll of sulphur. 

270. Bitulphuret of iron, FeSj, is found in the rocks of 
every geological age. It ia evidently formed in many cases 
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or CHEMUTKT. 

by die gradual deoxidation of sulphate of iron (271), by ofw 
ganic maner. It exbu under two allotropic forma, li^t df 
— II — jj.p„ pyrites, and that of white iron pyrites. Theyel- 
n pyriiea has quite the appearance of brass, ll oe> 
cubic cryatals, is very hard, and not attracted by tlie 
■■lagnet. When exposed to heat, a sulphurct, inlermediaie 
between the bisulphuret and protosulpfauret, la produced. 
When heated, the bisulphuret of iron gives off fumes of mi- 
nbarous acid, and is, therefore, now much used in the mSQO- 
&clureof sulphuric acid (151.) 

271. Prelostdphate of iron, green vitriol, 'FeO, SOj+T 
HO, may be obtained directly, by dlssolring iron in dilate 
gulphuric acid. Ir is generally prepared, on a very largo 
Kale, by contact of air and tnaisturo with common iron py- 
rites (bisulphuret of iron.) This suhalance absorbs oxygea 
from the air and moisture, and becomes the proto sulphate. 
He^» of the material arc exposed to the air until the de- 
composition is HuHiciently advanced, and the salt thus pro- 
daeed is dissolved out by water, and crystalized. It form 
beautiful large green crystals, which slowly efBore^ce and 
peroxidize in the air- They are soluble in about twice their 
weight of cold water. Crystals containing 4, and also thoee 
eonlaining 2 eq. of water, have been obtained. Green vit- 
riol is much used as the basis of ail black dyes and inks, aai 
in the manufacture of Prussian blue. In die arts it is called 

3 of iron, sted is the moet im- 
portant. It ia formed by heating pure iron in contact vrith 
charcoal, aud is a compound of iron, with a small proporuoa 
of carbon. In common steel the carbon rarely exceeda 2 
per cent. It is made by a process called caneniatiim. A snit- 
»ble furnace is liUed with alternate strata of bars of the pa- 
res! malleable iron and powdered charcoal. Atmospheric air 
is carefully excluded from the boxes containing the bars, and 
tlje whole is kept for several days at a red heat. By ifais 
process carbon penetrates and combines with the iron. Thia 
IB probably effected by the agency of carbonic oxide. The 
oxygen of the air in the crucible combines with the carixm, 
to form carbonic oxide, which coming in contact with the 

ibiinJpliiimdiffEiinmlhBlDrtha lulT Whu is uid af iIm liiaulphuret of 

271. Write and eiplmin Ihe lumbal a! the pmiosulptiile of iron. How doe* 
this Ijinhel dilTer from Ehator Lhe eulpliureu! Uow ii ihiimilC of inn nUuB- 
ed I Hentioa mme of ilB pnipertiea uid usn. What a ii cmlled in iha m^att 

<A* ebarrotl to Ine >le£l ! Why is «ee\ iorawl lO. ft 
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heated iron, is decnmposed, anil loaeB one half of ita carbon. 
It then becomes CO^, or carbonic acid. It afterwards takes 
Dp more carbon, and thus returns to CO, or carbonic oxide, 
and thus ibe process is continued, the carbonic oxide acting 
as 3 carrier from the carbon to the heated iron. The pro- 
doct of this operation is called hliitercd steel, from the Itlis- 
tered and rough appearance of the bars. The teslure is 
■fienvards improved and equalized by welding anumber of 
iliBse bars together, and drawing the whole out under a light 
tilt-hammer. 

' Steel holds a middle place between cast and wi'ouglit iron, 
both as to the quantity of carbon it contains, and its other 
properties. Like cast iron, when healed to redness, and 
plunged into cold water, it becomes hard and brittle ; if 
cooled somewhat more slowly, it is elastic ; if cooled venr 
elowly, it possesses the properties of bar iron, in being sott, 
dnctile, and malleable. Articles of steel arc forged into 
BMhape, then hardened, and tempered or let dimm by exposure 
^"^ a proper degree of annealing heat. This is often regula- 
3 by the color of the thin film of oxide which appears on 
p polished surface. Thus a faint straw color appears at 
"nit 430°, and this is the proper beat for razors, A full 
irbrowntint, is produced by a temperature of 470" 
and this is used for scissore, pen-knifea, &c- Swords 
I watch-springs, require to he softer or more elastic, and 
) heated to about 550° or 560", or until the surface he- 
mes deep blue. Instead of the test by colors, metal batht 
ow often used, which give greater certainty to this pro- 
When heated to redness, and suddenly plunged mto 
i water, steel becomes capable of scratching glass, 
tn JusibiliCi/ also, steel is midway between cast iron and 
^ iron, being less fusible than ca>it, but more fusible than 
mgbt iron. Articles nf wrought iron may be superficial- 
MMed with steel by plunging them into melted catt iro». 
^^ le same object may be accomplished more easily, by 
[i^lttewiDg ferrocyanide of potassium over the hot iron. This 
is decomposed, and the carbon of the cyanogen is absorbed 
by the surface of the heated iron, as will be explained more 
^lly hereafter. 

Many soils contain a large quantity of the oxide of iron, 
ivhich, on the surface, and in contact with the air, is in the 

■tMl t How ii the Iciture urihin iteet srieiwards iirprored ! Wliat kre the 
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! of tbtf MMjuSoxiile, but beneath the lurfaco ia 
eoaveneA into ihe first oxide, by the action of the carbon of 
die organic matter in the earth. This withdraws one third 
of ifao oxygen from the seBquioxide to form carbonic acid. 
In ihis Mate the oxide of iron ia mucb more injurious to 

Iplftnt>, than as a sesquioxide, on account of its greater soli^ 
feilHj. A red irony soil, therefore, should be frequently tunwd 
Mer, especially, if manure has been added to it, and shoiM 
W kept fooae and pervioua to the air, that the formatioB a£ 
flrotoxide of iron may be prevented as much as possible. 
273. Many of the compounds of iron are employeditt 
-Bodicine. Tliese preparations are powerfblly ioni<*, raising 
diepaUe, promoting the secretions, and increasing thecotw- 



Zinc. 



Zn. 



Zinc is not found native, hut a peculiar red oxide of 
uneaboands at Stirling, New Jersey, and the native carboa^ 
ttB,i>T calamine, is found abundantly in many plac 
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Ores of zinc, like those of iron 
(SG5), are first roasted, to driva 
off the sulphur or carbonic acid 
with which they are combined. 
They arc then mixed with 4 
their weight of charcoal, and 
placed in a large crucible in t 
furnace (Fig. 85.) A second cru- 
cible is cemented on the firetand 
an iron tube, open at both ends, 
tbroup;h the bottom of the 
crucible. This tube ex- 
tends downwards through the 
bars of the furnace, into a tub of water. 

When the heat is applied, the charcoal in the crucible de- 
compose the ore uniting with its oxygen, to form carbonic 
oxide, which passes off tlirongh the iron tube. The meta], 
thus reduced, also volatilizes, andpasses offwith the carbonic 
oxide ; but, while the latter bubbles up through the water 
beneath, and escapes, the zinc is there condensed and sinks to 
tba bottom. 
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PjfS75. Zinc is a bluish wl lite metal, lougl 
I ■^wratures, but very brittle at tlie point of fusion, which is 
773°. At a heat a little above that o£ boiling water, or from 
S10° to 300°, it is laminable and ductile ; hence, it is drawn 
out into wire, and rolled into Bheeta, and afler being treat- 
B-^d io thid maimer, or hammsred at thia temperature, it re- 
Kriftuaa its malleability when cold. When slowly cooled, it 
^HllrBtalises. By exposure to the air it is oxidized on the 
^^Dr&ce, but afterwards suffers little change. For this rea- 
Boa iiou is coated with zinc, (galvanized iron, 84,) to protect 
it from the weather. When fused in an open crucible, zinc 
abeorbs oxygen from the air, and forma the white oxide, 
called the Jtowers of zinc. If the crucible !a covered, and 
heated to full redness, on removing the cover the zinc bursts 
mto a flame, and burns with a bnlliant white or greenish 
light. The combustion is so violent, that the oxide, as it is 
funned, is carried up into the air. Dilute acids dissolve 
Kinc very readily. By its powerful attraction for oxygen, 
zinc decomposes a great number of salta and metallic aolu- 
tions, and precipitates the metal from them. In 
this manner it precipitates lead from the acetate of '^^ ^®" 
lead in the arborescent form (Fig. 86.) This is usual- ^ 
ly called the zinc tree, although in fact it is compo- y-^V 
sed of lead. Zinc is harder, yet lighter than lead, ,4c: 
cheaper than copper, and leas liable than iron to be fl|;' 
destroyed by air and water. Its uses, therefore, are ]J 
Tciy numerous and important. It is employed for JKjJ 

making nails, gasometers, gas-pipea, gutters for 

covering roofs of houses, for lining refrigerators, &c. 

On account of its great combustibility, zinc is sometimes 

used in fire works. When mixed with nitre and da-op- 

ped into a red hot crucible, it detonates violently. At 

a heat of about 770°, zinc melts, and forma a grey film of 

suboxide, which after a time assumes a yellow color, and ia 

converted into oxide of zinc (ZnO.) As this oxide cools, it 

^^passes to a white color, and by this change of color of its 

H^ttide, zinc may be distinguished from other metals. 

^^P 276. All the salts of zinc are poisonous, and excite when 

^^' '«7S. Stale some of ihe pmpeitiea of lino. In what two ways ii galvinlied 
inm pnilecled by iha linc ! Ana.— Kirat, Ihe linc, after being covered with ■ 
elm of Slide, do«« not mat aa easily as iron. Secondly, by galnanie princi- 

neni illuairates Ifas oomliualibility of Eiofl ! Eipliin Fig. 8G. Wbat cfauiv 
sf eoloiis produced in Ihe olide of zinc by heUl 

ETS. Whal ii Ibe iwliDji of ihe >atu of iinc on Hia «is^eia\ ^>oii mUCAwk* 



I introduced iato the Hlomadi violent vomicing. Milk, winie 
I of •gga.anil coSee, are employed as antidotes. 
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277. This meial is found in considerable abundance, in 
of tlie metal beunng veins of the Hartz mounliuiu, 

ana m a few other localities), chieRy as aiseniuret. Id tlut 
country it haa lieen obtaitietl at Cliatbam, Ct., and also at 
Mine U Mulle, in Missouri. It bas been found aa a beaud- 
fnl ereen hydrous oxide in Lancaster Co., Fa. 

Nickel is almost always found alloyed in tnasses of meteo- 
ric iron. It is a white malleable metal, and takes a bi^ 
imlish. It does not fuse b«:low S000°, It is not as eaailj 
oxidized as iron, since it is but little attacked by diluta 
Acids. It is one of two ortbree magnetic metals, and mag< 
tteta may be made of it, nearly as powerful as tbose of iron. 
At 660°, it loses its magnetic power. Its chief use is in mar 
king Grerman ulver, a compKiund of copper 100 parts, zinc 
60, nickel 40. 

278. Sulpfiate of Nlckfl, NiO. SO„+7HO, occurs in 
beautiful green prisms, whicb contain? eq. of water, asd 
diwalvein about Sparta of cold water. The water of crys- 
talization may be driven off by heat. With the sulphates of 

ih and ammonia, sulphate of nickel forma beai^''"' 
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279. Cobalt, nickel, and iron, have a great i 
both in tbeir esiernal appearance and in their properti^ 
Tbetwo first are conMantly found associated in nature, and 
are obtained from their ^res by similar means. Cobalt and 
nickel have less attraction for oxygen than iron, or do tinl 
acquire rust so easily, and are therefore called nobler nMt> 
als. All these metals are magnetic; if pure, however, CO; 
bait would, probably, be found not magnetic. Cobalt is a 
reddish-while, brittle metal, which melts only at a very high 
temperature. It is but feebly attacked by dilute hydrochlo- 
ric and sulphuric acids, and remains in the air unchanged. 

277. Wriie [he •petifio b"'i'J. « 
Haw doea Ihii nKLBlocniil SuieH 
pcMilioD or Geimap illret '. 

""" "'-■-■'wijniliot of iiilphmie of nickel. Describe IhU wll. 

leip, p-', am-num., indsrm., of nilnli. WliU is aaiil of dw 

ween Gtrinlt. nickel, wtd iron! Why we cobiil uHnickal 

ettled nobler metah thsa ifou t Uenuos vnat at 4m (m^t^m lA u^mTi 
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580. Protoxide of cohaJt, CaO, ia a grayish-pink powder, 
very soluble in acid$. It alTorda salts of a fine red or pink 
color. When the cobalt Holution is mixed with caustic pot- 
ash, a beautiful blue precipitate falla, which, when heated, 
becomes violet, and at length, a dirty red. These altera- 
tion in color, are owing to a cbange in ihe state of hydra- 
tion. Both this and the peroxide of cobalt (CojOa,), com- 
Unnicate a splendid blue color to glass. By this reaction 
with a bead of boras under the blowpipe, oxide of cobalt 
may be detected. The substance called rmalt, used as a pig- 
ment, consists of glass colored by the oxide of cobalt. Wri- 
ting paper is prepared with a faint blue tinge, by adding a 
Kttle of this substance in powder. Cobalt vitra-mari-ae ia a 
fine blue color, prepared by mixing 11 parts of freshly pre- 
cipitated alumina with 2 parts of phosphate or arseniate of 
cobalt, drying the mixture and slowly heating to redness. 
By daylight, the color is pure blue ; but by artificial light it 
ia violet. Zaffre is the roasted cobalt ore, mixed with a 
quantity of silicooua aand, and reduced to iine powder. It 
ia used in enamel painting. A fine black color is given to 
glass, by a mixture of the oxides of cobalt, manganese, and 
iron. 

581. Chloride of Cobalt, CoCl, is eaaily prepared by dis- 
solving the oxide in hydrochloric acid. It gives a deep roae- 

. md solution, which, when sufficiently strong, deposits hy- 
"rated crystals of the same color. When the liquid is evap- 
tsted to a very small bulk, it deposits anhydrous crystals 
; these also form a red solution on contact 
h water. A dilute solution of chloride of cobalt forms 
pibhie tympathetlc ink, which is so pale, that the letters 
■ (nad with it are invisible, until they are rendered anhy- 
8 by heat, when they appear of a blue color. These 
n absorb moisture, and again become inviHible. Green 
thetic ink ia formed by a mixture of the chlorides of 
It and nickel. 

. Cobalt ia precipitated violet-blue, by potash and so- 
li by carbouate of potash and carbonate of soda j 
•en, by yellow pruasiate of jiotash ; brownish, by the 
I prussiate ; blacK, by an alkaline sulphuretj and gray, 
jrtbe chromate of potash. 

-'4<Ue some or il9 propetljcs. Of what 
le !— lafflB r In wh« way la a fine 

" SBl . "WrilB IhB sy ml «i of cbloride of coImII. How in Ihis c'n\olAe 
til prnpBjtio*. How iloM tliiii gioup ot tte\»\B SJSei ^' 
I (W2,) SiBle (he peculiar propertvoaotl.^aaw*!?'^'^ 
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283. Bismulh is obtained from its ore by a very simple 
pracesB. lis melting point is so low, thai all that is neceEOB- 
n ig to heal it to about two and a half times the tcmperft- 
Rire of boiling water, on an inclined plane, when the bi»^ 
rauih melts and Rows off below, while the other metala Of 
ore* with the gung, remain behind unmelted. It is foUBS 
native, and alao in combination 
with oxygen, arsenic, and sulphur. 
Native bismuth is found at Mon- 
roe, Conn. It is brittle, but may 
be BomewhEit extended by careful 
hsmmering. Its color is reddish 
tin-white, and its lustre moderate. I 
It melta at 483°, and cryatolizes in 
cubes. The crystalizarion of a 
mass of this metal (Fig. 87.) is 

very peculiar, and resembles very much a work of art, A» 
it solidi6es from fusion, it expands at least jW part. 

Nitric acid, somewhat dilute, dissolves bismuth frseljw 
If a plate of pure bismuth ia immersed in a solution rf 
cauatic potash 1 part, water 5 or 6 parts, and is connectvd 
with the positive pole of a galvanic battery (two pairs at 
Grove's,] of which tho negative pule is platinum, Uie fau^ 
tnuih becomes successively yellow, red, violet, blue, green, 
and then again colorless, after which, the same seriea of eo(- 
ora is reproduced, though less strongly. By interrupting tin 
current at the proper time, any color of the series may b« 
fixed. When heated in the air till it boils, bismuth bunia willi 
a faint bluish-white flame, and the vapor condenses on colda 
bodies, forming oxide of bismuth. Fuming nitric acid pn^ 
duces deflagration with melte<l bismuth, and heats binnutli 
powder to redness. With other metals, bismuth forms alloySi 
which melt at a very low temperature. An alloy of eqtl^ 

Earts of bismuth, lead, and zinc, is bo fusible thai it may 
e melted in moderately hot water. An alloy of bis- 
muth, lead, and tin, is made into spoons, which, when dipped 

3S3. Write ihs (p. gr.. com mini .and ifm. of bismath. Slate lbs praiwu 
/or irbfjinjn;buniiiili. How dori this metal occur F Kiplun Pig. 8T. What 
eihetprnpfiiies o( bitmath atenmuioned! VJ\>u\b «aa.iA. 'Cue riA«i«cf Ub- 



into hot tea, melt in the cup; yet the meltiog points o 
couatituents of this alloy are comparatively high, that ( 
bismuth being 476°, that of lead 612°, and that of tin 443°, 
while the alloy melts at the heat of boiling water, or 212°. 
This fusible metal haa lately been obtained in crystals, 
showing that it is a true chemical compound. An alloy of 
this kind is sometimes employed as a safety plate in steam 
boilera. Thb is melted when ihe steam, by too great tension 
within the boiler, increases in heat, and an escape being thus 
olForded to the steam, an explosion ia avoided. As these 
alloys in their melted stale do not bum wood, tbey are also 
well adapted for making metallic copies of engraved wooden 
moulds for calico printiiig, and block impressions. 

Bismuth is detected by the decomposition of its nitrate 
by water. When a solution of nitrate of bismutli is poured 
into a large quantity of water, it is immediately decomposed 
with the production of a copious white precipitate of sul 
B of bismuth. This is owing to the superior basic poi 
^the water which takeaapart of the nitric acid. 
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Copper is found in the United States, in masses of 
se magnitude. One mass irom Lake Superior, 
eigfaed over 3000 pounds. It ia distinguished from alt the 
other metals, except titanium, by its red color. It receives 
a considerable lustre in polishing, Ii ia both malleable and 
ductile, and at the same time very strong and tenacious, so 
that it may be hammered out into plates, which, even when 
' thin, still hold firmly together. It has a slightly nau- 
I, and emits a disagreeable smell when rubbed. 
r copper for galvanic purposes, as in telegraph 
re, and in the construction of the helices for the battery, 
u owing to its great power of conducting electricity, to the 
ease with which it is bent and wound, and to the fact that it 
is less liable to rust than iron. In dry air, copper undergoes 
no change, but by a moist air, it becomes covered with a 
BOrongly adherent green crust, consisting, in a great measure, 
o£ carbonate. Sheet copper is employed for sheathing 
ships, for roofing towers and other buildings, 
liable to rust as iron. Copper plate engravings 
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MO BLEMKNTS OP CBBHtSTRX. 

on account of llieir durability. For the same reason, copper 
u employed for ihe rollers of print works. It quickljr osx- 
due«, when heated to redness in the air, and becomes ooT- 
ered with a black scale (black oxide). It does not fiiae 
below 2200°. It is, therefore, escellenliy adapted for eodi 
articles as are to be exposed to a great heat, as for kettles, 
.boilers, moulds for casliDg, &c. 

Dilute sulphuric and hydrochloric acids hardly act oo 
copper ; boilinK sulphuric acid attacks it with an erolutieff 
of sulphorous acid (147). Nitric acid even dilute diaaalveajt 
readily. It is stiffened by hammering and rolling, wlule 
zinc is rendered malleable by the same process. It is Bcf- 
tened by heating and plunging into cold water, while inm is 
rendered brittle in the same way. 

265. Copper is hard and elastic, and therefore sonorous. 
B^i-mxtal is an alloy of about 3 of copper to 1 of tin. Chi- 
nae gong mclal ia 4 of copper to 1 of tin. Brome difien 
bora bell-metal in having leas tin. In this the propoitioh 
varies from J to 1*5. By the union of copper and zinc, s 
metal of a great variety of tints and shades of color may be 

firoduced. Brcui consists of 4 of copper to 1 of zinc. ^ 
igbter colored braas is formed of copper 2, zinc 1. Paukf 
iecA is made of zinc 1, and copper varying from 4 to 11 or 
13. "With this great proportion of copper, iu color is a(- 
inost that of gold, andTit is, therefore, employed in the man:- 
tifacture of irmkets and toys, which are intended to resemble 
gold. Gold and copper form commtm gold ; silver and cop- 
per, common silver, from which gold and silver aiticlei 
and coins are made. The copper serves to harden the silver 
and gold, .and to render articles made of these metals more 
durable. 

286. Protoxide of copper, black oxide, CuO, is the base of 
all the blue and green salts of copper. It is most convfi- 
nienily prepared, by heating to redness nitrate of coppe^ 
which suffers complete decomposition, the nitric acid beifis 
driven ol^ and the black oxide remaining. 

Black oxide of copper Is used in analysis, to determuis 
tbe amount of hydrogen which the substance under exanu- 
uation contains. For this purpose, a combtulion Cvl/e (Fig. 88.) 

pavsninpuipoMB owing! Wby i« Bheet copper Employed for roofing' Wt(f 
u eoupBt uiwl for eugwiagal What other piopcrUaaof copper ue meo- 
tioiwdT 

285, Whai is the i-ompoeiiion ofbellmf lal t— gong-meta! '— bronie !— bnnT 

■pinrJ}beclL 1 Why ate gold and iil>et »!Ioyed ojili copper ! 
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is employed. The 
oxide is first heat- ^^^^ 
ed CO redness, and ^— 
while Hiili hot, in- 
troduced into the tuhe lill this is uliout two-thirda full, or to 
a. The proper quantity being thus measured, the black ox- 
ide h now turned out of the tuhe, except a small purtion at 
the end, h, and mingled with the substance to be examined. 
The latter should be previously carefully dried, Tlia mi'z- 
is then retumea to the tube, and this is filled up lo c 
Mack oscide. From a to c, therefore, is black oxide ; 
a to i the mixture, and from h to the end of the tube 
|k small portion of black oxide. After the combuetiun tube 
thus prepa- 
it is placed 
^B furnace, 
■* ,80). The 
lines, a, h, 
jC&c. are open 
paces ihi'ough 

rluch the air may enter to the fire. Movable partitions are 
ited within the fuiTiace. Between these and the 
of the furnace, at A, the charcoal is piled up, and the fire 
lied. When the gas baa been expelled from the mixlure 
^DlitBined in this portion of the tube, the partition nearest 
tlie space, a, is moved along towards E, and the epace be- 
tween this and the other partition then filled up with char- 
coal. Finally, this partition (the 'me nearest the spacu 
c), ia removed, and the fire then travels along through the 
charcoal tmtil it reaches the other partition. In this way, 
the procese is continued until the fire gradually pasEes over 
the entire length of the combustion tube, and the gaseous 
[tents are all expelled. This tube is usually wrapped 
" thin sheet brass, to enable it the bettor to withstand the 
of the heal. Of the gases driven off' in this process, the 
Irogen takes oxygen from the black oxide, and forms 
watery vapor. This, on leaving the combustion tube, passes 
through a chloride of calcium lube (236), and is absorbed in 
ihie tube. The increased weight of the tube produced by 
absorption of the watery vapor, shows the amount tit 
which the gas contained, and i part of this is, of 
I, the hydrogen derived from the body under c 
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Stilioxide qf foppcr, red oxide, CujO, is fonnd'^l 

in beauriiiil oclofaeilral crystals. It is also formed i 

er is oxidized by heat, and is th« red slag which foma 
g ihe cakitiation and fusion of copper. This oxide 
irounirates to t^lass a splendid ruby-red color, wbile tbe 
tnxide of copper produces green. 

.88. Su/pAate of copper. Uut xitrioJ, CuO, SO,+fiHa 
Tbis sail crjstalizea in large, beaulifiil, blue rhombs, vrfau^i 
are soluble in 4 parts of cold, and 2 of boiling water, ll 
loses its water by a gentle heat, and falls to a white powder. 
It is much used in dyeing. With ammonia it forms a <)u1i 
blue cryBtaline compound. 

289. NitraU ofcopptr, CuO, NOj + SHO, is made by 
dissolving copper in niiric acid to saturation. It forms deep 
%lne crystab, very soluble and delicjueEcent. It is highly 

Ammonia detects the smallest traces of copper in solution, 
by the deep violet-blue of the ammoniacal salt of copper 
which is formed. Iron precipitates it from its solution, as * 
brilliant red coating. A knlte blade is a test for c< * ' 



■ I brilliant red coating. A knlte blade is a test for copper, tor ■ 
d^H -which it isplaled when dipped into any of the Boluiie|g|M^J 
^Ktbat metal. ^^^| 

^F Lead, ^^H 

*< 290, Next to iron, lead is the moat widely diflused andttsl 

cheapest metal. It has been known from the earliest aga^ 
of the world. In tliis .country it is found in immense quaa- I 
tities, occurring in numerous stales, particularly in that of 
eulphurei of leador ^oJeno. The lead region extends from f 
Wisconsin in the north, to the Red river of Arkansas in lIiB , 
south, and in breadth about 150 miles. Lead is reduce^ [p 
the same manner as other ores, first by roasting the ore to 
■^rive ofi" the sulphur, and thus to convert the sulphuret into i 
-».n oxide. This is then heated with a limited amount of fit^l I 
'u a flame or blast furnace. The ignited charcoal takes IM, i 
ixygen of the oxide of lead to form carbonic acid, which flies 
"^'and reduces the metal. 
A second mode of reducing lead from the sulphuret, con- 
'a heating the ore with a metal which has a grxjater 
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_ Knity for Bulphur than lead liaa, and therefgre replac 
*■ lead. When iron is used fur thb purpose, the Iron and buI- 
pburet of lead become lead and Hulphuret of iron. 

Lead is a soft, bluish-white metal, posaeBsing- very little 
alosticity. It has a perceptibie taate, and a peculiar smell 
when rubbed. It is Hexible, and may be easily rolled out 
aito plaiea, and drawn into coarse wire, but tliid has exceed- 
ingly little Btrenglh. It melts at 610° or a little above, and, 
Bt a white heat, boils and volatiUzes. By slow cooling, it may 
be obtained in octahedral crystals. Iti the air it oxidizes 
rapidly, forming a coat of oxide or carbonate, which protec^ta 
it from further corrosion. When melted it rapidly combines 
with oxygen from the air, forming either the protoxide or 
the red oxide, according to the heat. At a moderate heat, 
lead may be mixed with gold or silver, but when the heat is 
increased, the lead rises to the surface combined with all the 
lieterogeneous matters. Upon this property of lead is found- 
ed the art of refining the precious metats. 

Lead does not easily dissolve in dilute acids, except in 
aitric ; with this acid it forma a soluble salt, and when heated 
_^^th strong sulphuric acid, it dissolves, forming a nearly in- 
^Mslubla sulphate of lead. 

^K 291. Protoxide of lead, litharge, mauicot, FbO. This 
Hnntide is a yeUow powder, formed by slowly oxidizing lead 
^^With heat. It is slightly soluble in water, and the solution is 
alkaline. At a red heat it melts, and tends to crystalize on 
cooling. In a molted stale it attacks and dissolves siliceous 
matter with astonishing facility, often penetrating a crucible 
in a few minutes. It is therefore used in glazing pottery, 
B.Dd in the mamtfacture of glass. When heated with or- 

Knic substances it is easily reduced, the hydrogen and car- 
n of which take its oxygen to form water and carbonic 
acid. 

Red oxide of lead, red lead, PbjOj, is a common pigment 
formed by exposing melted lead to a temperature of 600° or 
" 700". It is a brilliant red and extremely heavy powder, 
decomposed with evolution of oxygen by strong heat. Its 
composition, therefore, varies with the heat at which it is 
prepared. It is preferred to litharge in glass making, and is 
commonly used as a red coloring matter. 
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292. Carhonale nf had. white UaS. PbO, CO,, is wnne-: 
' — s found beauufiilly cryaializod in long white neetOea, 
mpanying other nielallic ores. It ie manuractared to an 
(tent for ihe use of ibe painter. There are three 
n oil of which the acetate of lead is fintt formed 
vhich is afterwards decomposed by carbonic acid. In the 
tirVt, catled the French proctia, carbonic acid is conducted 
into IX solution of basic* acetate of lead. The excett of 
base in this ealt of lead, is precipitated by carbonic acid hi 
Cftrbonate of lead or while lead. The acetate of lead thus 
rendered neutral, will dissolve a fresh quantity of oxide of 
lead, vrilh which it is digested, and it is afterwards again 
treated with carbonic acid. This process is repeated until ■ 
l&rge quantity of white lead is formed &om a small quantity 
of the acetate. As thus obtained, the carbonate of lead has 
a dazzliug white color, but does not possess the body of white 
lead prepared by the English and Dutch methods. 

In the EnglM- method, oxide of lead (litharge) is mixed 
with vinegar {acetic acid), to form a paste of acetate of lead. 
This is then spread upon a stone slab, and exposed to thef 
fomes of bunuDg coke, the carbonic acid of which reduces 
Ae basic acetate to the neutral salt, as in the previous caie^ 
■iid precipitates the excess of lead as carbonate of lead. 

By the Dutch method, a large number of jars containing 
vinegar are arranged in a building on a layer of stable ma- 
nure or tan, and rolls of sheet lead are suspended in the jars 
above tlie vinegar. The whole is then covered with anotber 
layer of stable manure. After several months, the rolla of 
lead are found to be mostly, if not entirely, convened into 
carbonate of lead. The detign of the tan or manure is to 
produce a high temperature by fermentation, and to famish 
carbooic acid to the lead to form carbonate of lead. This ■ 
heal causes the vinegar to rise in vapor, and attack the leadt 
forming basic acetate of lead, which is decomposed by the 
carbonic acid given oS" in fermentation, and reduced again 
to the neutral acetate. This a second time attacks the lead, 
BNd thus the process is continued as before. 

293. Pure water readily attacks lead, and converts it into 
ahydratedoxide; but spring water, by the action of the sul- 
phates which it almost always contains, forma a coating of 

■AcetaMoflcad wiih an acta of int. or Mceia of Ind 

S!K. Wnio tbs (ynil»l of c>irt»n«te oflfuA. How ii ihis inhDuice joundT 
Deacribelhe Fteitcb pmeeig (ui mnWim v.\i\V6 tesA, WW » mid of Ihe led 
prepared in Ihit vay ! DeKiilje Ibt EDt;\ia\t i(iei\io& v— ■^ OmV^ 






insoluble sulphate of lead on the surface, which prevents the 
lead from further action. It is on this account that leaOen 
cisteras are, in most cases, used with impunity for holding 
water. If the water were pure, it would be speedily con- 
taminated with lead, and the cistern soon destroyed. Lead 
tubea for domestic purposes, are unsafe, unleas it has been 

S roved by experimunt, that the particular water in question 
oes not act on lead. Pipes coated with tin are now made, 
'which obviate all danger from this source. 

Lead is CB.st in sheets by letting it run out of a horizontal 
alit in a box which is drawn along the table. The Chinese 
cast it extremely thin in this way, on cloth, for lining chests of 
tea. A small portion o( tin is added to the lead used for this 
purpose; the thinnest sheets contain the moat tin, and ai'e 
uaed for enclosing the best teas. Lead is also rolled out to 
the proper degree of thinness. The melted lead is often 
poured on a flat stone, and another flat stone brought down 
""jddenjy upon it, by which it is pressed out hito a thin sheet, 
'heedgesare then trimmed, and the sheets soldered together 



^ Analloy of lead 2, and tin I, constitutes /i/umSerj' solder ; 
tbese proportions reversed, give a more fuaible compound 
called^xe tolder. The lead employed in the manufacture 
of shot, is combined wiih a little arsenic, which has the effect 
to render the drops more perfectly globular. 

The test for lead is aulphui'ic acid. Into a wine glass, 

half full of water, drop a single drop of sulphuric acid, and 

pdd a little nitrate of lead. This smalt quantity of sulphuric 

' ^if»d, will form a white precipitate of the insoluble sulpha! 



Mercury, 13.5. 100. Hg." 



' 294. Mercury is the only metal which is liquid at the 
nary temperature. It is occasionally met with in globules 
disseminated through the native sulphuret. It is sometiraes 
^Uo aeen running in small streams at the bottom of the mines. 
I'Tlie BUlphuret) sometimes called cinnahar, is found in consid- 
'^' * lie quantity in several localities, chiefly in Spain and 
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CanuoJs. From t)ii« ore mercmy is obtained hj heatia^ it 
ia an iron retort with lime or witb scmps of iron, whicfa uke 
•vray lbeaii]phiir, or hf roasting it in s furnace from wloeh 
jia fiunes are conducted into a large chamber, where tbflj 
■re condensed into metallic mercury and sulphurotis acid. 
Mercury is imported into this country in boitles of bam- 
nered iron, containing 60 or 70 pounds each, and in a rtate 
of coniiderable puriiy. When purchased in emaller qnaBn- 
ties, it is Bomettmes adulterated with tin and lead, widch 
metals it dissolves to some extent, without much loss of fiuid- 
ity. This admixture may be known by the foul surface ike 
mercury exhibits when shaken in a bottle containing air, and 
by the globules leaving a train when made to roll upon * 
table. 

Pure mercury is a brilliant metal, of a color nearly BJlrer- 
irbila, unchanged by air. It solidifies at — 10'='. and in ibis 
■tale it is soft and malleable, and may be cut with a knife like 
gold, silver, and platinum, which are all very soft when pate. 
At 663° it boils, and yields a tiansparent, colorless vapor, of 
great density. This vapor condenses on cold surfaces, in 
ninute, brilliant globules. Even at 60<^, a very rare v^wr 
of metallic mercury rises from its surface. 'When kept in 
vanoels to which air has free access, at a temperature near its 
boBingpoint, or above 600'^, it gradually becomes cottverted 
into a deep-red, crystaline substance, which is the peroxide 
or red-oxide of mercury. At a dtdl red heat this oxide is 
again decomposed into its constituents. 

Hydrochloric acid has little or no action on mercury ; the 
same is true of dilute sulphuric acid, but concentrated sul- 
phuric acid, when Ixiihng hot, oxidizes mercury, convertiag 
It into a sulphate of ihc red oxido with the e^-oluiion of nd- 
phurous acid. Nitric acid, even dilute and cold, diasolTes 
mercury freely. 

295. Protoxide i;f mercury, red oxide, HgO, is prepared in 
the large way, by heating the nitrate very cautiously, unti] it 
is quite decomposed, and a brilliant red, crystaline, powder 
lefL It may also be formed by heating metallic mercoiyfor 
& long time in a glass vessel nearly closed. It is slightly sul- 
•- uble in water, and its solution has an alkaline reacticm and 
metallic taste. It is highly poisonous. 
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THB SLBKENTS AND THEtR COHBINATIOMS. 

296. SaJtchloride of mernary, calomel, H^jCI, is always 
produced when cblorino comes in coiitact with mercury at 
eommoD temperatures. It is srimetimea, thoueh rarely, 
fouud native, forming horn quickailver, so called from its 
appearance. From the perchloride (397.) it is dinlinguished 
I r^H '^^ insolubility, and by its forming a black compound with 
Bmonia, while ihe perchloride forms a vjkite compound. 
As temperature below redness, it rises in vapor and sub- 
TW8, forming a yellowish- white, crystaline mass. Like 
|tf:ditoride of silver (a04.), it is insoluble in cold and dilute, 
p soluble in strong and boiling hot nitric acid. 

'. Perchloride o/" mercury, corrosive nblimate, HgCl. 
1 metallic mercury is heated in chlorine, it lakes fire 
d bums, producing this eubatance. It may also be made 
f dissolving the red osida in hot hydrochloric acid, when 
jtals of corrosive sublimate separate on cooling. The 
it common method is to sublime a mixture of equal parts 
lulphate of mercury and common salt. 
^The sublimed chloride is a wliite, transparent, crystaline 
» of great density. It melts at 509o, and boils and vola- 
. SB at a somewhat higher temperature. It is soluble in 
lipartsof cold and 3 of boiling water, and crystalizes very 
niu^fully, from a hot solution, in long white prisms. Alco- 
fc and ether dissolve it with facility ; the latter even with- 
•n it from a watery solution. Chloride of mercury com- 
iB with a great number of other metallic chlorides, forming 
sriea of beautiful double salts. It absorbs ammoniacal 
B with great avidity. The aqut-ana solution is decompo- 
.Bad by light, losing part of its chlorine, and being convened 
from HgCI, to UgaCl (calomel), Many animal and vegeta- 
ble substances convert corrosive sublimate into calomel. 
Some substances affect this change slowly, while others, and 
especially albumen (while of eggs, &c.), produce it in an in- 
stant. Hence the solution of the while oi eggs is an antidote 
to ibis poison. 
, . Like most poisonous substances, corrosive sublimale pos- 
« antiseptic properties in a high degree. For this rea- 
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XLEMKNTS Or CHEMUnT. 

„.i wood empliiyetl in ship building and sleepers for ratV-. 
As^ OK tomelimea saturaied wiih a soluiioa uf it in wM«r. 
slua procc»ta called ^ya»i.z<'n^. The planUof herbariiuai^ 
^ 1 amBll animals, may be preserved by being pawed 
Nigb an alcoholic solution of corrosive sublimate. 

2D8. Iodide ofnurcitry, Hgl. When a solution of iodide 
of potaaaium is mixed with perchloride of mercury, a pre- 
cipiuu fallsi which is at first yellow, but in a few momenu 
emoges to a moet brilliant scarlet, and retains ibis coktron, 
drying. This is the neutral iodide of mercury. When sud- 
deikly exposed to a high temperature, iodide of mercury 
becomes bright yellow throughout, and sublimes iu ntinDte 
but brilliant yellow crystals. If touched with a bard body 
in this state, itiustanily becomes red, and the same change 
happens spontaneously after some time. By a very slow 
and careful heating, a sublimate of red crjst^of a totally 
different form is oUained, which are permanent. The same 
change happens with the freshly precipitated iodide ; the yeb 
low crystals at first formed, break up and disappear as the 
•alt passes to its red modification. 

299. SidphnTct of menxry, rermHtion, cinnabar, HgS, is 
fbnned by passing sulphuretted hydrogen through a solution 
of corrosive sublimate. The black precipitate which is 
formed, is sublimed, and becomes dark red and crystaline, 
bat undergoes no change of composition. This substance is 
most easily produced by sublinung an intimate mixture of S 
mercury ana 1 sulphur, and reducing to a very fine powder 
the resulting cinnabar; ibe beauty of the tint depends reiy 
much upon the extent to which the division is earned. 

This is the most common ore of the qjiicksilver t 
When heated in the air it yields metallic mercury aD4 ■ 



pburous acid. It resists the action of caustic alkalies 
Intio 



t acted on by strong mineral aeids. 
tacked only by aqua-regia- 

300. The different salts of mercury have a great vi. 
of colors, according to the amount of oxygen which tbeyj 
tain. Nilric acid, for example, without beat dissolves i 
cury forming a protoxide (aprotoniirate) ; with heat it forma 
a peroxide (pcmiirate) ; if ammonia be added to the first 
soludon, a black precipitate is formed; but with the second a 
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white precipitate occurs. Chromatt of mereury, formed by 
adding chroraate of potash to nitrate ^ mercury, has a fine 
crimson color. Mercury unites with most of the other mei- 
ab, the tenacity of which, and in most cases the value, is de- 
stroyed by the compound. All the salts of mercury volatilize 
and decompose at a temperature of ignition. If a piece of 
cinnabar ia placed in a tube, and a bright slip of copper also 
inserted, on healing the cinnabar the mercury will sublime 
and attach itself to the copper. Those salts of mercury 
which fail to yield the metal by simple heating, may in all 
t& made to do so by adding a little dry carbonate of 
A dropof any solution of mercury will coat a polished 
surface of gold with a white amalgam, the instant that the 
point of a knife is introduced into the solution. The lolulle 
compounds of mercury also whiten a slip of copper by de- 
positing metallic mercury on its surface. An ore of mercu- 
ry may be easily detected by crushing it and throwing some 
CO the powder on a hotplateof iron, or on a hot brick cover- 
ed with iron filings, and mvening over it a glass of any kind. 
If any mercury is contained in the mineral, it will rise and 
gltadi iteelf in small globules to the sides of the glass. 



Silver, 



10.5. 



a301. The mines of Mexico and the southern Andes, 
li by far the greater part of the silver of commerce. Many 

uies of this meial are, however, found in Spain, Sasony, 
4 the Hartz mountains. Galena (290.), ia also a constant 
' silver, and is rarely quite fi^e from this precious 
^Ha]. Silver often occurs native, and also in combination 
ntb sulphur. 
^■-Silver has the clearest white of hII the metals, and is capa- 
t) of receiving a lustre surpassed only by polished steel. 
n malleability and ductility it is inferior only to go|d. Whet 









be cut with a knife. It 

if the salt which it contains. It 

frobably, the best conductor of heat and electricity known, 
uresilvermelts at 1873° or at abright red heal. When 



B it is very soft, so that : 
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aiO KLKIUNTS OP CBUDKTKT. 

inelied it absorbs oxygen in considerablo quanlitj, i 

Moaetinies to 32 times its volume. In baL-oming solid, it 
s with the whole of this oxygen, and this produces the 
r appearance of silver when hastily cooled. This 
entirely prevented by a small perccniag-e of copper. 
it a high heat silver bunia wiih vivid Bcintillatione of a green' 
,li-white color. Tarnished sitTcr ia produced by the actioit 
Iftulpbureited hydrogen, as this met^ has a great atlractian 
'«■ ralphur, which it takes from the sulphuretted hydro^eiii 
m'mg sulphuret of silver, When healed with futile 
eous matter, as glass, Sec, silver oxidizes and stains the 
« yellow or orange. This is owing to the formation of ft 
[fellow silicate of silver within the glass. 

The only pure acids that act on silver are sulphuric and 
litric, and by sulphuric acid it is not attacked niiiil h^tt is 
■pplied. Nitric acid is the proper solvent of silver, and hs 
solution furnishes tabular crystals of nitrale of silver. If any 
Kold is contained in the silver, it is left imdiiraolved aa ■ 
brown powder. If, however, the gold exists in a greater 
proportion than ^ or ^, it protects the silver frtiro the actioa 
ot the nitric acid. Hence, it is impossible to reduce by ni- 
tric acid an alloy containing this amount of gold. A miz- 
tore of 8 sulphuric acid and 1 nitre, will dissolve silver when 
alloyed with or covering copper, without dissolving the cop* 
per. Hence, this mixture is used to remove the silver froai 
oldplated ware and from silver coins. 

For coinage, and other economical uses, it ia necessary to 
alloy silver with about ^ coi>per, to render it aufficiently 
■tifland hard. To determine the proportion of pure silvert 
the coin tnay be dissolved in nitric acid, and muriatic acid at 
a solution of common salt added, which precipitates cAlaride 
qftiher. This precipitate is so bulky aod insoluble in water 
as to impart a cloudiness to a solution of silver diluted a 
tniUioii fc^d. The amount of precipitate formed will depend 
upon the amount of silver which the solution contains, and 
will therefore determine its proportion. As in this experi- 
ment hydrochloric acid or chloride of sodium is used to teat 
fur silver, so nitrate of silver (302.) is often used in testing 
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iar chlorine in water. This may be illustrated by adding a 

Httle salt (chloride of sodium) to a glass of water. When 

the Bait ia dissolved, add a little nitrate of silver, and a white 

cloudy precipitate of chloride of silver is instantly formed. 

£very hundred grains of tlita precipitate indicate 42 grains 

^fi£- cotnmon salt. Silver is obtained frotn one of its ores, the 

Knriphuret, on the same principle. This ore is first converted 

^B^O a chloride of silver, and then reduced from this etate to 

jSetalHc silver. The process is as follows, Common salt is 

ttdded 10 the ore, and the whole roasted in a furnace. By this 

means the sulphur ia expelled, end the chloride of sodium 

unites with the silver, forming chloride oftilver. This is then 

put into barrels which revolve on an axis ; water is added 

with oxide of iron and metallic antimony. 

totaled fur aometime, during which thi 



B from the chloride of silver, and reduf 



The whole 
takes the chlo- 
the metal. A 



e mercury dissolves out 
together with the (^Id, if there be any, metallic copper, and 
other Bubsiancea, forming a fluid amalgam eaaily separable 
{tom the thin mud of earthy matter by subsidence and wash- 
ing. Thi^ amalgam ia strained through a strong linen cloth, 
■nd the aoHd portion exposed to heat, by which the remaining 
mercury ia volaiilizedandthesilverisleft behind in an impure 
mditjon. It is afterwards rendered pure by various pro- 
is according to the nature of the aub^tancesit is supposed 
|i contain. 

I different process is usually employed to obtain silver 
n galena. The process employed in this case is calKlf' ' 
Elation. The galena is pulverized and placed wilfailH 
n quantity of metallic lead on ^_ ^^ j| 

^btle thick cup or cupel, a. Fig. 
M cupel, which is made of bi 
B0, is placed in a muffle, h, 
II wliole is exposed to high heat '- 
% emrent of air, which oxidizes the 
florbed by the cupel, and carries down w 
purities leaving the ailver in a brilliant metalhc button. The 
instant the whole of the load ia abaorbod, the tilver becomes 
excessively brilliant. This peculiar effect is called fvlgura- 
turn, and only takes place the instant the metal has become 
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ft- When thu protXBs is to 1>e peTformcd on a large M«Ii> 

Bttie gBlena is reduced, by roastiog atid smehing nith Aaw- 

KbokL Id metaJlic le&d, in which the silver also is contaiiied. 

■n'his msM is then put into a kind of reverberatory furnace, 

VMlIed the refining hearth, which is lioUowcd out like a kettle. 

^On this heanh it is heated for a day, while a constanl currvot 

of air ia paseed over the metal, until all the lead is at latt 

convertea into oxide. This oxide tnelts in the heat, vnA 

partly flows ofT as litharge through a tube, and partly hmIu 

Into the porous mixture of clay and lime which has been 

firmly beaten down on tfae hearth of the iiimace. Tbe A 

ver remains behind tu the metalUc state. This is rendered 

Mill purer by a second heating in clay-baains (stnaller cupela), 

wbicn absotb the remainder of the litharge. If other mei- 

sts are present in the silver ore, they are likewise oxidixed 

and carried down into the cupel by the litharge. 

Many of the copper oret also contain silver. These orei 
are calciucd and mixed with a lar?e proportion of lead and 
then fused and run into moulds. In this tbrm they aT« caUsd 
li^atio* eakt*. These are placed with layers of charcoal 
ujKin an inclined hearth. When the coal is ignited the beat 
is mfficieitt to melt tfae lead but not the copper; the lead, there- 
fore, flows off, and carries with it the silver, while the copper 
remains behiud. This mixiure of lead and silrer is converted 
into metallic silver and oxide of lead by cupellation, Tliia 
process, as well as the last, is much facililaied by ibn tatt 
that the alloy of silver and lead is more fusible than ptu« 
lead. By cooling, therefore, the latter separates frcnn tiw 
melted alloy, which is then drawn off. This i^mall portum h 
eniMlled, while tbe great bulk of the lead is removed tat itt 
ordinary -uses. 

303. Nitrate of silver, A^. NOj, crj-stalizes io colortew. 
transparent, anhydrous tables, which are soluble in an eq«al 
weight of cold and in half their weight of boiling waler. 
They are soluble also in alcohol. Nitrate of eilver btacke<iis 
wheu exposed lo the light, more readily if organic matter be 
present. It is, therefore, frequently employed to dye the 
hair hlaclc, and also bones and ivory, as in chess-men and 
umilar articles, to which it communicates an indelible etsin. 
It also enters into the composition of indelible ink. The 
linen lo be marked is previously prepared by an application 
of solution of carbonate of soda and starch or gum. Let- 

3V2. tVrilelhe ii)'iii>'Ol d[ nitrate o[ lilrcr. What is »h) of the ei^iiib af 
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'etben formed from a solution of 2 drachms of nitrate 
F silver in an ounce of water, and India ink eufEcient to 
give it the right color, Tliese letters when drj are indelible. 
Tliis fltain »a pi-obably metallic silver, which in a Btme of 
BHQUte subdivision is black. It may posBJbly be the subnx- 
^mJiIq. When ivory is silvered, it is immersed in a diluto boIu- 
^B^ of nitrate of silver, and left till it has become yeDow. 
^H^p8 then taken out and [}Ut into a ^lass of distilled water, 
Hpbd exposed for a short time to the direct rays of the sun. 
^^t soon becomes intensely black. It is now taken out of ihe 
Vrater and wiped dry. Finally, it ia rubbed with leather. 
The silver is now on the ivory in a metallic state, and may 
be polished. White marble id fig;ured on the same principle. 
The surface of the marble is covered with a very ihiu coat- 
ing of wax. Through this waxen ground figures or wri- 
ting are made, and when the marble is made bare in these 
lines, it is painted over wiih a camel's-hair brush dipped in 
nitrate nt silver. It ia afterwards exposed to a strong sun- 
light, which decomposes the nitrate of silver, and produces a 
black stain on the marble wherever the salt touches. If two 
V.thiee coatings of silver have been thus applied, the redur 
I silver will take a fine poliijb. The waxen ground jl 
wards dissolved off by spiiita of turpenline. 
3. Daguerreotype platei are copper plates, one 
PiWliich ia coated wiih silver. Oxide of silver ia precipil^ 
"S from a solution of the nitrate by potash. This precipitate 
tfaen filtered, waxhed, and dried, and finally dissolved in 
^^_.dnonia. In the solution thus prepared the copper plate is 
limmersed, after being on one side varnished or otherwise 
protected. The other side becomes coated with the oxide of 
rileer precipitated from the ammoniacal solution. .It is then 
removed from the solution and ihe ammonia allowed to evap- 
orate. When quite dry, the plate ia held over a charcoal fire 
by tbeheat Iromwhich the oxide of silver is decomposed,* and 
the metal reduced on the copper in the form of a complete 
^fipating. This may be made beauiifully bright by polishing 
^^Bjlli leather and polishing powder, and the plaiea prepared in 
^H^ way afford the best surfaces for Daguerreotype pictures. 
^P^ Clock-faces and barometer plates are silvered in a similar 

<The oiidea of tbe rollooing melab are alio rcilucei) by heu ; gnld, mercury, 
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manoer. The mixture for tbU purpose consbtA of 
of nlver (304.) and inoUteiied cream ofuitar. This 
bed oreribe plate until it has acquired a complc 
i\ver. The cream of tartar (acid tartrate of potash) 
jod brighiens tlie surface, and thus prepares it for receiving 
ihe nlver. The plate is freqaenily heated and immersed in 
diatilled water, to wash off the superfluous saline matter. 

A rilcer tree (see Fig. S6.} may be made by pouring inlQ a 
gisaa globe or decanter, ^ ciz. of niirate of silver dissolved in 
aboul^a pint of dUtilled water. Add } oz. of mercury, and ia If 
vhoti time the silver will be precipitated in the moat beaoti' 
fill arborescent form, which is therefore called Arbor Ditaut, 
or Trre of Diana. In this caae. the nitric acid of the uiirata 
of silver has a greater affiniiy for the mercury than it baa 
fnr ibe Mh-er ; it ibereforc deposits the silver and difisalves 
ifao mercury. It upon a plale of polished copper, several 
dropa of nitrate of silver be let fall, in a short time a vei; 
beautiful precipitate of metallic silver will take place id the 
arborescent form. 

The solid nitrate of silver is mehed and cast into sticks cr 
4|titlla. In tliis form it is called lunar eauttic, and is used it), 
surgery sa a causiic. 

304. Chioride of silver, AffCI. The method by which 
tiiis salt is prepared has already been meiilioocd (301.). Jt 
is quite insoluble in water and nitric acid, and but sli^tiy 
dissolved by a large quantity of hydrochloric acid. When 
heated it melts, and on cooling becomes a grayish, crystaline 
nass, which cuts like hnm ; hence, when found native, this 

called korn-tileer (296.). It may be reduced by fusion 
ith twice its weight of carbonate of soda or pots&L It M 
lecomposod by light, both in the dry and wet state ; very 
' iwly if pure, and quickly, if organic matter be preseot. 
Also in water with metallic zinc or iron it is reduced, especi- 
lly if sulphuric acid be added to generate hydrogen. It ia 
iluble with great ease in ammonia. The artificial yellDnnr 
ia made by coloring lehite paste (see experiments 
:), with the chloride of silver, and exposing the 
'hole to a furnace heat. 

305. Ammmtivret of iilrer,fiitmtnaling gUner, is a terribly 
.plosive compound. It explodes by the heat of the hand, 

the touch of a tube, and eometimcs by a feather. It evea 
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tplodes SOitietiines under the fluid in which it ia formed, 

I of course, while still wet. It ia formed by adding to a 
solution of nitrate of silver a solution of pure lime, as long 
as a precipitate of the oxide of silver occurs. Tlie liquid ia 
dien filtered off, and the precipitate washed with warm wa- 
ter. The powder thus formed is put into a warm place 
upon paper, that it may be well dried, and when dry, it is put 
into a wide mouthed phial, containing pure liquid ammonia. 
The phial is then corked and allowed to remain a whole day, 
or until the powder becomes black. By this process the 
powder becomes explosive. The liquid is then poured off 
and the phial left open in a place where the heat is not 

reater than 80° or 100°, When dry this powder should 

mdisturbed in the phial, aa the least friction will 

e the whole mass to explode. A watch crystal would 

t better for drying the fulminating powder, both on 

It of the wide surface exposed, and the gi'eater ea 

b which the powder may be removed when dry, L( 

V similar fulminating powder of gold and plati 

■firmed (316 and 3'.^^.) The violent and suddi 

irition of these bodies is owing to the feeble 

Kcb exists between the constituents of the substance, viz : 

_ j^tween the oxide of the metal and the ammonia, while the 

jdfinity of the oxygen of the oxide and the hydrogen of tho 

araraonia ia very powerful. In the explosion, therefore, the 

metal is reduced, water formed, and nitrogen evolved. 

306. Chromate of sileer ia a beautiful carmine color, 
produced by precipitation from nitrate of silver by chromate 
of poiasli. If the chromic acid of the chromate of potash 
ia not in excess, the color of the chromate of silver will be 
If the precipitate is formed while the liquids are hot, it 

II be reddish-brown. 
* 307. Soluble salts of silver are easily known from the 

curdy, precipitate of chloride of silver, which darkens 
Jfexposure to light, and ia insoluble in hot nitric acid. Thii 
racipitate is produced by the addition of a soluble chloridi 
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diloride of lead is soluble to a great extent in boiling waler. 

»ft>luiioiH of silver are reduced to the metallic state by iniDi 
4000^. mercury, aad other metab. 
The three last tnetaLi of this group, paTladium, liiodian), 
•od osmium, are usually found associated with platiniriD, 
irhieh tliey also very closely resemble in their properties. 
They will, therefore," be coBr^idered in connection with that 
nMHl under the next Kroup. 

^m GKOUP SIXTH. ^^H 

I 308. Tin is one of the few metala which were knowafl' i 

the most ancient times. As its ore.* arc often found in the 
Mod by which the soil is covered, it was, therefore, easily 
obtained. It is aba a metal easily smelted. Formerly it 
was procured ptincipally from the Brilish Islands, and even 
DOW these islands, with Malacca, in the East Indies, furaiafa 
the purest tin. 

The properties which especially characterize tin, and rea- 
der it a valuable metal, are. its beautiful lustre, its great 
softness and flexibility, ita slight affinity for oxygen, in conse- 
qiience of which it long retains its biightnesa in air and w&- 
ter.t its easy fu^sibility (melting point, 443°,] which rendon 
it peculiarly v/ell adapted for casting and for costing Othez 
metals. It is very malleable, and hence it is beaten out into - 
tm-foil. Spurious silver-leaf is made of an alloy of tin ao4 
rinc which is hammered out into extremely thin leavea, ' 
When bent, tin emits a peculiar crackling sound, wbich k 
called the "cry of tin." When heated above its mclliiig , 
point, it oxidizes rapidly, and becomes converted into s 
whitish powder used in the aria for polishing, under the name 
of putty powder. The common putty used for setting glass, 
is a compound of carbonate of lime aud linseed oil. Tin is 

fThii metn!. wiLh uitimmij, if»djo, mod ehmnium. ucoften HrrrnDged into 
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«]y attacked by liydrocLloric acid with the 
rogen, and with nitric acid the actiuD is very energetic, pro- ' 
ducing a white hydrate of the peroxide. It is one of the beat 
conductors of heat and electricity. 

In reducing tin from its ore, this is first broken dovk^ and 
roasted, to drive off arsenic and to oxidize the iron which it 
usually contains. It is then washed or elutriated with water, 
by which process the lighter particles of stone, and to a great 
extent also, the oxide of iron, are washod away. Finally, it 
is fused with charcoal in a blast-furnace, and carbonic oxide 
and metallic tin are obtained ; the latter flows off below. 
Some lead is added to tin for common tin-plate, because 
pure tin is somewhat brittle and does not adapt itself well to 
the moulds. In many countries tlie quantity of lead to be 
added is regulated by law (^ to^). An alloy of this kind is 
called jfoof-tin, to distinguish it from grain-tin, which is tin 
in ila greatest purity. 

Tin plate may be beautifully crystalized by heating the 
plate till the tin is melted, plunging it while hot in water, and 
finally rubbing it alternately with paper balls, ono moistened 
with dilute aqua-reria, and another with caustic potassa. 
Both these liquids dissolve the coating of oxide, and lay 
bare the pure metallic tin surface. 

SpetyalttTa-mefal , a biilliant, almost white, excessively brit- 
*6 alloy, consists of tin 2, copper 5 parts. When hardened 
jf the admixture of antimony, &c., tin forms ptwter. Tin 
'a issheet iron coated with tin, and copper vessels are often 
ted with tia on the interior surface to prevent the corro- 
jgeiable acids. The use of tin in bell-metal (285.) 
D render the copper more fluid, and to cause it to assume 
B perfectly the impression of the mould, as well as to 
lerit more sonorous. Mosaic gold (aurum musivum), 
Dsists of sulphuret of tin S, and sal ammoniac 1 part. Thti 
Mpburet of tin for this purpose, is formed by combining 
"pte oxide of tin with sulphur. Mosaic gold is used by 
to give a beautiful color to bronze. 
la not so poisonous as lead or copper, but it ia still 
I to health. Acid food and drinks should not be 
wed to stand for any considerable length of time in tin 
a tinned vessels, 
The tests for tin are muriate of gold, which produces a 
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nupl* poveipiuie, mnriata of pluina an oraage, fcrrocf'- 
«nal0 of potaeb while, corrosive sublimate blai^k, a plaie of 
la»d wliicb precipiiales netaUic tin. 



309. Tbia metal ia deriveil chiefly rmm it« native sulpba- 
ret, which it a rather abundant mineral- The ore is treed 
from canhy impuritieB by rusion, and h afterwards ilecom- 

■ posod by heating with metallic iron or carbonate of potauli, 

■ which retains the sulphur. On cooling, the heavy metallic 
Fgotimony settles to the bottom. 

I , Antimony has a lamellar, crystaline texture, and tin-white 
colofi like bismuth, but without its red tint. It bae a high 
lustre. It id not very hard, but exceedingly brittle and 
eonily reduced to powder. It fuses at S10°. Out of con- 
tact of air it volatilizes only at very elevated temperatures, 
but in a current of air much less heat is requited. Id a 
current of hydrogen gas it may be distUled at a while beat, 
but when covered with aflux,it does not lose more than j-^^ 
of its weight at the strongest white heat. It is not oxidized 
by the air at common temperatures, but when healed to a 
white heat in a covered crucible, and then suddenly exposed 
to the air, it indames and bums with a white light. The 
oxide produced during this combustion, is oden deposited in 
beautimlcrystab, in the form of small sliining needles, of sil- 
Tery whiteness. By hot hydrochloric acid antimony is dia- 
Bolved with evolution of hydrogen, and chloride of antimony 
is formed. Nitiic acid oxidizes it to an insoluble white auQ' 
monic acid. 

Antimony forms brittle alloys with some of ihe malleable 
metals. When gold ia alloyed with jj-j of antimony, the 
compound ia brittle. Even the fumes of antimony in the 
vicinity of gold render it brittle. The most important of 
the alloys of antimony ia fi/pe-Tiiela!. This is composed of 
' 1 of « 
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_, I, lead 8 to 16, and a small addition of copper. 
Lead alooe is much too soft to be employed for this purpose, 
but alloyed with antimony it acquires such a degree of hard- 
ness, that types cast from it may be used for printing many 
thousand times without losing their distinctness. Types 
. _ ij,gtam.gg^ been in constant use for half a ceii- 
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COKBINATIONS. 

Y without being worn out. Tjrpe-nietal eiipands in the 

of solidifying, and therefore takes an accurate impression 

of the mould. When copper id not ad Jed, the alloy of ami' 

mony and lead is brittle, and on plates of this alloy music is 

engraved. White-melal apooiis are formed, of tin 100, anti- 

I xnony 8, bismuth 3, and copper 2. 

"T* Oxide of antimony, SbOg, is a pale buff-colored powder, 
isible at a red beat, and volatile in a close vessel. In con- 
a high temperature, it absorbs oxygen and 
ScomeB converted into autimonious acid. 
Stdphuret of anl'mumy, crude antimony, ^hQ 3, h a lead- 
^f, brittle substance, having a radiated crysialine texture. 
1: melts even in ths ilame of a caudle, and hence, may be 
mly obtained from the various rocks with wbich it is asso- 
■ted. On solidifying after fusion, it becomes filled with 
icks, owing to its great contraction. Ai a strong red beat 
'. boils, and may be distilled without decomposition if the 
> be excluded. It is sometimes prepared by precipitating 
Solution of tartar emetic (tartrate of antimony and potash,) 
n^ sulphuretted hydrogen. In this case, a sulphuret of 
lotash is also foiined, which being soluble, remains in the 
solution, while ibe sulphuret of antimony, being insoluble, is 

frecipitated. As ibua prepared, the sulphuret of antimony 
aa an orange color, which grows darker on drying. It is 
o prepared by melting together antimony and sulphur. 
I^ijceid with nitre, &c., it is easily burnt, and gives a bright 
r bluish-white flame. It is, thei'efore, much used in 
mtechnic compositions. 
r The soluble compounds of antimony are hostile to life, and 
"' e stomach exerts itself to remove all such compounds in- 
)diiced into it. This is effected by vomiting, and for its 
I producing this action uf the stomach, antimony has 
le animportant medicine. 
' ' The tests for antimony are sulphuretted hydrogen, which 
irea an orange precipitate, and a plate of iron which pre- 
bitates metallic antimony in the form of a black powder. 
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is found native in thick crusts 
lently deposited from sublimation. 






Bf 10 laedieioe I iSeatioa ilmlesui Tor Bntimatty. 





I 



I 



310, WrilB IbB 




com 


num an 


.ym 


ofars 




311. Write lh« 




oft 






Men 


Z'iri"„S'i"2; 














remetly amat effecUre 1 




dwithi 


[e&-(H\tea 


i»a&cC«>n W^^H 



■LuixNTs OP cBsiasTmr. 

at liuB metal, however, is derived from roasting ilie 
Ltiuunl araeniuret of iron, nickel, and robalt. The Tapors 
9f uwuiouB acid (311.) given out, are condensetl in a long 
■nd nearly horizontal chimney, or ia a kind of lower ctt 
brick-work, divided into numerous chambers. The cruds 
anenious acid thus produced, is purified by sublimation, and 
then lieated with charcoal in a retort. The charcoal absorbs 
the oxygen of the acid, and reduces metallic arsenic whii:h 
Bubtimes. 

Arsenic ia a soft, brittle, exceedingly poisonous metal, lu 
color ia tin-white, inclining to a eteel-gray. It has a high 
metallic lustre, and is easily crystalized. When heated it 
volatilize* without fusion, and, if air be present, oxidizes to 
araenious acid. This vapor has the smell of garlic. Arsenic 
combines ivith the metals in the same manner as sulphurand 
pboaphoruB, which it reaembles, especially the latter, ia 
many respects. The combustion of arsenic may be per- , 
formed by throwing a few grains in powder into a red hot I 
crucible. It bursts into a flame of a bright blue color, and 
continues to burn until completely consumed or volaiilizfld. 

311. Arteniout acid, white oxidt of aTiaiie, AsO,. Aj 
commonly obtained, this ia a white, glassy-looking subetasce 
in brittle masses, with a conchoids] fracture, and shorn 
marlts of fusion. When freshly prepared it is traosparent, 
but by keeping, it becomes opaque, at the same time slightly 
diminishing In density, and acquiring a greater degree m 
solubility m water. 100 parts of water at 2\2'> dissolve 
about 11.5 parts of the opaque variety ; the larger poTti<» 
separates on cooling, leaving about 3 parts dissolved. Cold 
water agitated w'Mi arsenioua acid takes up a still smaller 
quantity. Alkalies dissolve (hia substance freely, forming 
BTsenites which do not crystalize. Hydrochloric acid abo 
readily dissolves it. 

Arsenioua acid sublimes at 380°, and crystalizes on cooling 
in brilhant, transparent octahedrons, which are very charac- 
teristic. They may be formed for experiment by heatiDg « 
small quantity in a glass tube. Its vapor is colorless and 
inodorous, but, if sublimed from charcoal, it gives the peca- 
liar garlic odor of metallic arsenic, for the charcoal takes 
away the oxygen and reduces the arsenic to the metallic 



t is almost tasieless with a faint sweetiab fli 
vrliicli with its color reudcrs it the more dangerous. Most' 
of the metallic* poisons give warniHgby tlieir peculiar taste, 
but the appearance and taste of areenious acid is that of a 
barmle^^s aubstance. The best antidote for ihia poison is 
the hydrate of the red oxide of iron. This remedy ia most 
active when recently prepared and in a gelalinous condition. 
It forms an insoluble arsenialeof the protoxide of iron. Like 
most other poisonous substances, ai'senious acid posBeBses 
remarkable antiseptic propenies. For this reason the bodies 
of those who have been poisoned by it are often preserved. 
In natural history it may be used for the same purposes ea 

To determine in supposed cases of poisoning, one 
best methods is that called Marsh'* test. Introduce into^ 
small flask (Fig. 91.) some pieces of zinc and dilute sulpbi 
ric acid. Hydrogen will be formed, whicli 
will escape through the bent tube c. After 
some lime, if the jet of hydrogen be lighted, 
and a porcelain capsule held over the ex- 
tremity of the flame, drops of pure water 
will collect on the bottom of the capsule. In 
this case the capmdt is not discolored. If 
K piece of wood dipped in any arsenical solu- 
tion, so that only a little of the solution shall 
remain adhering to the wood, be introduced into the ill 
the flame, after the gas has been rekindled, will present! 
Wutsli-white appearance, and teill deposit on the porcelt 
eaptule a smooth Mark or hrown sjmt {mirror of arsenic) 
This spot is metallic arsenic. The arsenic introduced within 
the flask combines with hydrogen, forming arsenittretted hy- 
Jrai^M, which escapes and burns. When this flame is coo' ' 
by tlie porcelain capsule, the metallic arsenic will not bi 
tt the low temperature thus produced, and is, iherefoi 
deposited on the capsule. Arseniuretted hydrogen is a 
poisonous gas. Its fumes should therefore be avoided, as, 
several instances, experimenters have lost their lives 
this gas. 

In cases of poisoning, the stomach and its contents 
divided into small pieces, and the organic matter destroyed 
by adding hydrochloric acid and chlorate of potash, or by 
beating with sulphuric or strong nitric acid, till the 
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^ .. a char, and then draining with water, and i 
I aolution. T)ie liquor thus obtained is subjecteSn 
'I'a teat. If a black spot ia produced, this wilt indicate 
c in considerable quaniiiy. If no spot on llie porce- 
H produced, ihe lube is then ignited by a Bpirit-lamp M 
B point e, and a black ring will be formed on the tube ft 
'le Iwyond this point, if arsenic he present. A blarJc spot 
.11 aUu bo pniduoed if aoiimony is present in tlie solution, 
Mtt the latter will remain unchanged when a eolutioa of 
I ehlaridc of lime in applied, while the arsenical «>ota will bo 
diaaolved- The bent Iiilie should be made of hard giaM, 
without lead, iti order to bear the heat required in this ex- 
periment. 

312. Arsenic add, AsOj, is formed by dissolvinB pow- 
dered arecnious acid in liot hydrochloric acid. Nitnc acid 
b added to peroxidize the solution as long as red vapors are 
produced. The whole is then cautiously evaporated to com- 
plete dryneas. 

The acid thus produced is white and anhydrous. It melta 
Kt a low red heat, and afier fusion it is colorless, IranspB< 
rent, and glassy. If too strongly heated, it ia white and 
opaque. When put into water it slowly and completely 
dissolves, giving a highly acid solution, which deposits on 
evaporation hydrated crystals of arsenic acid. When strongs 
ly beoxed, it ia decomposed into ansenious acid and oxygeii 
gas. It is excessively poisonous. 

313. There are two principal wiZpAurrf* o/'orsfnic ileoj- 
gar, AaSj, occult native, ana is formed artificially by heat- 
ine arsenious acid with a minimum of sulphur. It has b 
splendid red color, is fusible and volatile, and is emplaned 
by the pyrotechnist in making icAi/e Jtrr. Orpiment, AaS^, 
is also a natural product, and is made by fusing arseniony 
and with an excess of sulphur, and by piecipitation wilji 
sulphuretted hydrogen from a solution of the acid. It ia » 
golden-yellow crystaline substance, fusible and volatile by 
beat. In acid solutions of arseuic, sulpliurelted hydrogen 
produces a splendid yellow precipitate of sulphai'seniona 
acid. Heat promotes the separation of this precipitate. 

313. Wrilelhe campositian ofaneDic acid. How ii thii subtunce rormiid ! 
Muni ion Kfine of in properlies. 

313. Wnie Ihe compaiiiion of retilgkr. How ii ii prepared ! 
propfrtiei ? Wriie Ihe compmiiion of oipimtnl. How is Ihis i 
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pyrites of the 



1 (ju an titles. 

8 of it are constantly found i 

It ancient iticks. It is always met with i 

r 4tftte, sometimes beautifully cryatalized in the cubic form, 

aeaociated wiih quartz, oxide of iron, and other Bubstancea, 

in regular mineral veins. The sands of various rivers have 

long ftirnlshed gold, derived from the crumbling down of 

g,tOck. Some crystals of native gold from Califomin, are 

presented in the accompanying figures. In Figs. 93 and 

1 the native gold attached to ibe crystals. 



', is also B 
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1 form in which usually occurs. Gold ore is crushed 
1 sbaken in a suitable apparatus, with water and mer- 
i the mercury forma an amalgam with the gold, which 
jeparated and afterwards exposed to heat, by which t!ie 
frcury ia distilled, and pure gold left behind. 
Wo obtain gold from its alloy of silver and copper, it is 
Bed with concentrated sulphuric acid, which dissolves the 
Ber and copper, and leaves the gold aa a brown powder. 
!ne gold bemg separated, the silver is afterwards obtained 
""from the acid solution by adding more copper. The greater 
affinity of the acid for tbe copper causes it, when aaturated 
with this metal, to leave the silver, which is therefoie precipi- 
tated. Copper alone remains in the solution, which is poured 
off and evaporated to form sulphate of copper or blue vit- 

Pure gold is obtained by solution in oqua-regia and pre- 
cipitation by a salt of tbe protoxide of iron, which takes the 




,nfroni the 8oIuti<Rinrgold, md reduces the gold l^llic 

IDcialtic state. The gold fulla down in brown powd^ri Avi 

I ftoquircs the metallic Instre by friction, 

U 315. From nil other metab gold is distingainhed t^"" 

I •yr/f0)O eoior, and ils estremc permanenre in air andjire. Even 

f «ca-water, whirh corrodes silver, has no action on goU. 

I Hence, mirrors for liglii-iiouses are often coated with a iMli 

' .film of gold to protect thern from the action of the se»4lTi 

I Gold is disiingiiiahed also hy ils great malleHbility, which h 

such that gold leaf not more than ■jjj.^gs of an inch may he 

beaten out, and a single grain of ^Id may be extended «*« 

J56 gq. in. of surface. So great is its duttility, that a guio 

of gold may be drawn out into 500 feet of wire, and one 

otmce of gold may be extended 300 miles. Its density iaake 

more tlian twice that of iron or copper, and nearly twice 

that of lead. The acids separately oo not attack gold, but 

aqua-regia dissolves it readily. In this case (he active agent 

is chlorine, which exists in a free state in this acid mixtur«< 

Solutions of gold are decomposed by hydrogen and sulpliu- 

rouB acid gas. These gases take the oxygen from the oxide 

of gold in soluuon, and liberate the gold in the metal licstaie. 

There are two oxides of gold, boih of which refuse to ODitv 

with acids. With chlorine, iodine, eulphur, &:c., gold fonw 

two compounds corresponding to those with oxygen. The 

afliRity of gold for oxygen is so weak that solutions of the 

oxide are decomposed even by light. 

Gold melts at 201G°, and, when in fusion, appears of ■ 
bright green color. This color is nearly the same that it 
' ' a Iliin leaf of gold is held up to the light, or when 



an eleetrical spark is passed over a sirip of gold leaf in a 

' dark room. When intensely ignited by electricity or ibe 

osy-hydrogen blowpipe, gold bums with a greenish-bine 



316. Ammimiurcl of gold, fulminating go3 J, is prepared 
by adding ammonia to a concentrated solution of chloride of 
gold, diluted with about three parts of water. A yellowish 
brown precipitate is formed, which is collected upon a filter, 
I and carefully dried at the temperaturerfboilingwater. Tfcb 
I when dry explodes with terrible violence, hut it requires a 
higher heat (120° to 300°), or a greater degree of friction 
than fulminating silver. If placed upon a piece of sheet 
copper, and held over a lamp, it will soon explode, and the 

315, HowUildiElingiii>hp<irn>mnlllh<^atIieriiiel»liir Whtt_.. 
'316. HowiifuInunalirsgoldprepanHlt VS^nttweiM vo?e*^w»'J 




copper, if not torn, is always indented. 
coDsista of 5 peroxide of gold sikI 1 emm 

317. Gilding on cojiper.ia performed by dipping the arti 
cle into a solution of nitrate of mercury, and then rubbing i 
with a soft amalgam of gold and mercury. It is then lieutei 
to espel the mercury, and burnished. Gilding on atcd n 
done either by applying a soluiion of perchloiide of gold in 
ether, or by roughening the surface of the metal, heating it, 
and applying gold leaf with abumisher. Gilding tin wood, ^., 
is done by paintins the deeign to be gilded with vanjish, and 
tbea applying gold leaf. After tlie varnish ia dry, the gold 
leaf is rubbed off, except where it was made to adhere by ibe 
varnish. Gilding by the galvanic process (p. 58,) is now rap- 
idly superseding many of ihe othei' processes. Guld wath is 
a mixture of the oxide of gold with carbonate of siids or 
potash in excess. Articles cleansed with nitric acid are 
boiled in this wash, and thus become perfectly covered with 
Btfain film of gold. 

The most simple mode of testing gold, is to i-ub some of it 
flfr upon a black-flint slate (tnuch-slone), and apply to the 
mark nitric acid. If the gold is pure, the yellow strenk r&- 
toaina unchanged ; but if alloyed, it partly disappears ; if only 
sn imitation of gold, it dissolves entirely. The presence of 
gold in solution may be known by the brotvn precipitate of 
aletallic gold with protosulphate of iron, which is fusible 
before the blowpipe into a liead. When added to a solution 
of protochloride of tin, a purple precipitate is formed, which 
in B mixture of peroxide of tin and metallic gold (p. 217). ■ 

tPLATIKUM, 81.fi. 99. Pt. ^^^1 

8. Crude platinum, a native alloy of platinum, palls^^H 
L, rhodium, and a little iron, occurs in small grains and | 

rolled in masses, sometimes of considerable size. It is 
found on the slope of the Ural mountaius, in Russia, mixed 
with gravel and transported minerals. It also occurs io^^^J 
Ceylon, in California, and a few other places. It has nev^^^^f 
been seen in place (in the rock, or in the vein), but the ro^^^^^H 
to which it belongs is supposed to be serpentine. ^^^^H 

Platinum is a white metal, between tin and steel in colo*^^^^^ 
and inferior to silver in lustre. When pure, it is a soft meta), ' 

317. StBtc Ihc process foi gildinfi on copper ;— on steel ;— on »oo.l. Wl«jt 

procani is now genpnilly nreferreil in (■'■•—-'' " -■-- •■ 
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but nuiMlly, owing lo iinpuril;f, it ia quiie hard. A very liltla 
Thodium or iridium (^125, 3^6.) rendera it more gray iu coloTi 
and mufb harder. It is exceedingly msileable and dDctil« 
(p. 146,) both hot and mid. It is very infusible, melting only 
by the oxy-hydrogen blowpipe or the galvanic battery. Like 
in>ti, it odmita of being welded at a high lemperature, and in 
tbts way it is made iutocliemical vesitel!). It uissolveB in stjub- 
re^o, Knd superficially oxidizes with fused hydrate of potash, 
BtM the potash enters into combination with the oxide ihua 
formed. All the etuilyjiuilile inetalt combine with platiauiii, 
and the alloys which ihey form are quite fueible and ea«ily 
attacked, by acids ; hence platinum vessels are ruined when 
theiie alloys are formed. Neither these metals nor their 
ores should bo melted in plaiinum vessels. These Tessela 
also should never be exposed to the action of chlorine, or 
ila compounds, especially when chlorine is disengaged is 
its nascent stale. It is in this state that chlorine rend^B 
aqua-rpgia a solvent for gold and platinum. 

319. Platinum is obtained pure by digesting crude plati- 
num in aqua-regia, and adding to the deep brown liquid a 
■olution of chloride of ammonium. This throws down on 
orange colored precipitate, which is a double chloride sf 
platinum and ammonium. When heated, the chloride vS 
ammonium ia driven off, and also the chlorine of the chloride 
of platinum, and the platinum reduced to the metallic form. 
In this state it is a dull brown masa called spongy platinum, 
orplatinam sponge. This is condensed in steel moulds with 
heal and pressure to the metallic state, and when compact 
enough to bear the blows of a hammer, is heated and forged 
into a bar, which con ai^erwards be rolled into plates or 
drawn into wire at pleasure. 

Platinum sponge has the power of absorbing several of 
the gases, and wiion suspended in a jar of oxygen and hy- 
drogen, it causes the immediate union of the two gases (Fig. 
40.) Ajet of hydrogen falling upon spongy platinum, wUl 
by its rapid combination with the oxygen of the air, ignite 
tbe platinum, and afterwards take fire. In the same man- 
ner, clean slips of platinum foil, and eren gold and palladium 
will produce the union of oxygen and hydrogen. If into a 
dry phial of oxygen ga» a piece of platinum sponge bo 

malBloMUt! Menlioo »ome ofiu propertiei. Wl«l class of mcUls cambiM 
with plntioum \ 

3ie, How >■ plHtinum obuiiwd pun '. What ii pUtinum sponge T How aro 



dropped, and the phial be Btopped and set asiJe for eeveral 
days, the platinum ep-auge will abamb the oxygen, aa may 
be ahowti by unstopping the phial beneath water, when the 
vraXer will ruali up into the phial and quite fill it. Flatiuum 
Bponge will abBoFD 100 Cimea its bulk of oxygen. 

Red hot platinum also decomposes oils, spirits, &c. For 
this reason a coil of platinum is used in the safety lamp 
(181.) If a coil of platinum be suspended, while red hot, 
in a wine glass containing a little alcohol or ether, it will 
continue to glow, from the action of the Tapor which arises 
from the alcohol or ether. The action is so energetic that 
frequently the vapor is set on fire. The same experiment 
may bo tried over the wick of a spirit lamp. The lamp 
should be lighted at first, and blown out when the coil of 
platinum is ignited^ The coil will continue to glow, after the 
tamp is extinguished, until the whole of the akuhol is ex- 



320. Platinum black \a another form of platinum, possess- 
ing similar properties to spongy platinum, but in a higher 
degree. When the galvanic current is passed iLrough a 
weak solution of chloride of platinum, a black powder of 
platinum appears at the negative pole. The silver plates * 
Smee's battery (p. 59,) are platinized in this way. 

321. Biehlorideofplatimitn, PlClj, is always formed 
platinum is dissolved in aqua-regia. Theacid solution yields 
oi) evaporation to dryness, a red or brown residue, deliques- 
cent and very soluble in both water and alcohol. The 
ttqueouB solution has a pure orange yellow tint. Bichloride 

>ar plaiinam combines to form double salts with a great va- 

"^ Sty of metallic chlorides. 

322. Ammimiuret of platinum, fulminating plaiinam, is 
;d in the same manner as fulminating gold, and pos- 
imilar properties. If 2 or Sgrainaof either of these ful- 
minating powders be placed upon a cold fire shovel, and the 
shovel be gradually healed over a slow fire, when the fulmi- 
nating powder arrives at about 400° of temperature, a most 
violent explosion will take place. This experiment should 
be performed in the open air, as the sudden concussion given 
to the air is very likely to throw down and destroy every- 

330. What is pitiliauin black ! In »liat galvaaic buttery ate the plnlM pla' 

321. Write iliecORiiiuaitianof bichlDiideaCplUinum. Haw it this lubitaiifit 
:ytepiired 1 What are its pra^wnies ! 
K^. How ia fiilmii]ulii>g plaiinum pieiiated '. Stile iVe v'«?«"'* ■* *** 
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>me Oisiance alter placing the sbovel 

-uciblei 



: ulinuUl reti 

& the fire. 

323. Platinnm is invaluable to the cbemiet for c 

psnd other vemaelfl exposed to a high heat, or to the action of 

icids. Large retorts or boilers are made of it, for tie oae 

Pof manufacturers of sulphuric acid, which BomeltmeB hoU 

rjuxry or seventy gallnns. In Russia it has been employed b 

I'-coinage, for wbich it is well suited by its great, density atld 

r bHrdiieaa. Its value is intermediate between that of gold aUd 

■ilrer. 

Tlie tests for plaliimm are the chlorides of potassiuni and 
ainniuDium. Tliese produce yellov? ci^staline precipilatet, 
which are iTisoluble in acifls, but soluble in an excess of the 
' frtxipitanU upon the ap]ilicaliuu of bee^ 



Palladium, 



12. 



53. 



Pd. 



3S4. This very rare metal is usually found associated with 

plaiinum. It is also found alloyed with gold and silver in 

iisil. It very closely corresponds with platinum in color, 

I flppearance, and difficult fusibility. It is also very malleable 
and duclUe. It is a gr ay i^th -white metal, fusible by the oEy- 
hydrogen blowpipe. In density it differs very much from 
platinum, being only a little heavier than lead. It is also 
more oxidable than platinum. At a red heat it gains a blue 
tarniah like steel, wfiicli is again reduced at a white beat. 
In hardness, it is equal to fine steel, and it retains its elasticity 
and stifTiiess at a red heat. It Buffers no change by exposui« 
the air. Its proper solvent is Bi]ua-regia> but it is alowly 

I attacked by nitric acid, 

\_ The teat for palladium is iodideof potassium, which throtre 
down a dark brown precipitate. 



Ruodii;m, 



11. 



335. Rhodium is a reddish metal, somewhat ductils' 
extremely hard. When reduced to powder and heated 
the air, it becomes oxidized. This lakes place to agreaier 
extent when it is fused with nitrate or biaulphate of potash. 
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Ihe latter case, sulphurous acid ia evolved, anil a double 

late of peroxide of rhodium and potassa formed, which 

readily in hot water, and yields a yellow solution. 

ence of rhodium in the alloy of platinum, &c., may 

J manner detected, and, by repeated fusion, a per- 

separation accomplished. Initapure state, rhodium is 

attacked by auy of the acids ; but if alloyed with other 

tals, as with filatiuum, copper, or lead, it is dissolved by 

luo-regia. An alloy of steel, with a small quantity of rho- 

I, is Baid to possess exceedingly valuable properties. 



Ikidium, 



16. 



, When obtained pure and fused, iridium is a brittle, 
y hard, somewhat ductile metal, of pale amimoDial white- 
it and having the fracture of cast iron. It is the moat 
"{nfusible of all the metals, being fused with great difEculiy 
before the oxy-hjdrogen blowpipe. It is not attacked by 
any acid, but is oxidized by fusion with nitre, and by igni- 
i in the air. It is apt to fall lo powder when burnished, 
t with care it may be polished, and then I'esembles pl^ 

The chief use of iridium is in pointing gold pi 
4itch purpose it is adapted by its hardness. 
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100. 



Os, 



In the most compact state in which this metal 

[obtained, it has a bluish- white color, and, although soi 

■I flexible in thin plates, it is easily reduced to pot 

ia neither fusible, nor volatile. When heated to re< 

^[feurns, yielding osmic aeid which volatilizes. Osmiate o^ 

jwin^A is produced when the metal is fused with nitra. In 

finely divided state it is readily oxidized and dissolved 

strong nitric acid. 
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r work. On the other hand, several have been inlro- 
. so much on account of their own importance, as 
- peculiar and very remarkable properties, and 
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with other metals of die first im- 
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mistry has all the interest ( 
relty of another Btience. An agent hiihevto not consid- 
__ id, the principle of life, contruls or modifiea to such ade-^ 
gree the lawa, properties, and forma of matter, that the lat- 
ter is the mere instrument of life, or the material out of 
which life produces its grand results. Among the efiects of 
tbis new agent, are the fullowing : 

1. The products of life are remarkable for Me great va- 
rietal of comfoundi which a few dements •produce. Carbon, 
hydrogen, oxygen, and nitrogen, are both the foundaiioD 
md the superstruclure of this department of chemistry. 
I^itb these are occasionally associated phosphorus and sul- 
Froin these few elements, changes and compounds 
^ihool number arc produced by the principle of life. 
S. Organic 'substances are also rem arkable^r ihe complex 
y <^ their structure. The bodies hitberto described in inor 
'c chemistry, have been ii>variably made up of elements 
PTHttr* of elements. Tbissysteni, called the 6iJia/y"»yj(i«n, 
' e illustrated by the following example : 



HrdruB"n. Oijgea. 



; compound oi^ciJec 
e with each other in 



I 



•uch B manner as to preserve ifarough evety grade of o 
blnation the relalion uf two fiodiet, ur a pair of l>odies. That 
tf and h unite in ah, c and dia ed ; ab and c(2 unite in aied, 
Bnd dici/ with the eiugle pair e in ahcde, or crystalized alum. 
The plan on which organic Bubstancea are formed is stiv 
kingly different. The combination is not usually by pairs 
but in compounds of tkra or Jour elements. These triple 
or quadruple compounds enter into combinations, and paM 
through decompositions, and through all the changes of die 
bodies to which they belong as one, or afi simple bodies, snd 
«re, therefore, called compimnd radicals. 

3, Organic bodia eontat* -within tkcmtdeet eatuet Jor their 
ovn dteampotilioH. The constituents of inorganic bodies arfl 
usually united by their most powerful affinities, and, there- 
fore, these bodies have consideralile permanence. But the 
▼ital principle unites in organic bodies several elements into 
a compoutid, for which they have weak affinities, while for 
each othertheir affinities are powerful. Thus carbon, oxygeiii 
hydrogen, and nitrogen, are united in organic bodies in one 
compntind, but the separate affinities of oxygen forcarbon 
(to form carbonic acid], oxygen for hydrogen (to form w*- 
ter), nitrogen and hydrogen (to form ammonia), are more 
powerful than those which these bodiea possess for the gen- 
eral compound, or for the organic body. While these oppo- 
sing forces remain exactly balanced, the compound is pre- 
served, but the moment one of them, from some accid^ilsl 
canse, acquires a preponderance over the rest, the equilib- 
rium is destroyed, aij<] the compound breaks up into twooi 
more bodies of simpler and more permanent constitution. 
Heat produces this result by exalting the attraction of oxyeen 
for hydrogen and carbon ; hence almost all organic boaUs 
are destroyed by a high temperature. Mere molecular div 
turbance will sometimes cause destruction when the instabil- 
ity b very g^at. 

4. Organic formt are produced by tlie development tif muU 
tituda ofiialeceUi, or memliranoui bladders, containing a^utd, 
tchile inorganic forms are produced by the lams of crystalixa- 
tim. The membrane which constitutes the cell-wall is finely 
permeable by fluids, and, consequently, by the gaseous mat- 

ained in those fluids. Food is thus carried to tlie 
of the mass for the nourishment of fresh cellules, 



r germ within the aub- 



each produced from a lining point o 
BUnceof ihe pre-existing cells. 

The living cell exerts a. wonderful influence over chemi- 
cal action. It secretes and prepares its own food, and, in 
one case, decomposes carbonic acid, rejecting the oxygen 
and nniting the carbon to the elHmenta of water ; in another 
eftse(i. e. — a cell of a different kind), it produces out of the 
eonatiluents of air the odors of flowers ; in a thii-d case, it 
converts the albumen of the blood into milk. Though per- 
irming these various functions, the cell always appears to 
U eye the same. 

Cryataline bodies are, however, found in plants as well as 
fcinotganicsubstanceB, produced by the spontaneous crys- 
llization of saline substances. This subject has been re- 
"Sntly investigated by Prof. Bailey, who discovered that 
tery species of oak, birch, chestnut, poplar, eim, locust, 
■ 1 all the common fruit trees, were filled with crystals, 

wded together in vast numbers. The si 
F these crystals was very small, being a 
r by a powerful microscope, and n 
omo cases not more than the 
f'an inch in length, but their number 
that within the compass of 
h of bark, not thicker than a sheet of wri- 
5 paper, more than a million were collect- 
I' together. Sometimes the arrangement of 
iese crystals appeared like an elegant piece 
I mosaic work, as represented in Fig. 95, 
i a section of the bark of a species of 
The existence of these crystals was 
t discovered by examining' the ashei 
e afterwards found in the ash 
'he delicate cryataline 
facture found in the ashes of 
i maple leaf, is represented ii 
p. 96. Most of the forest trees, „^||' 

it only in our own country, but "ef^ 

in all parts of the world, are full °'K, 
of those crystals, so that they '°6 
may be obtained fur examination c^ 
by merely scraping the wood in- 




of the oak, and 
) of many other 



, •"/<)*! 



»=A > 



'*tS^ 



Tclopedl Are oryalalin 



nd within plmiti I Kxpiitin Figi 95 
•■ iisL !• Biiiu ui lui.- in;uuircui:D ui ini-ineiiii haiim ianr^inic chcmisiry t 
Dethod of inreMlgntinn msybe empliijad in orinnie riii-nurti^ \ tto* v* 
ebiai'Mr)rdi rilled ! Hoii ji regetalile chemistTj dtv\dtd,V 



■nriOS. 
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la > wslch-gliHS filled with water, and picking oat tite wood)' 
, parudcx. nr by prenariiig the aolies of th« woud wilb Cair°^ 
t tabom on n olip of glaas. 

I 5. Itomerie bodiettOrbodietdiffrTinffutpTOpertitt 
\ieai to compotititm, arr ofctMtlanC occurrence m OTj^itt 

■ 6. In the study of inorganic bodies, bolh analifni* > 

BlAfM* are employed; hut in organic chemistiy, (ma/y»i# ai 

Vcui be lutuolJy emjiloyed. Could we ohlain tlie power nT 

; uniting lifo to matter, we might then build up its coropomidt 

and imitate its reeulis. But aa power to add life to doii 

matter ta and must ever be beyond our reach, we can desin; 

hut cnnnot repniduire any of the forms of living matter. Bj 

breaking down the fabric we can learn the materials of 

vrhicli it id compoBcd, but we cannot rear again the edifies. 

These are some of the eftecta of the agency of life on 

matter, which it is the object of organic chemistry to exaraine. 

As life is divided into animal and vegetable, so this sul^ect 

includes animal and vegetable chemistry. 

Animal chemistry will be reserved for the close ; vegeldtb 
chemistry will at present occupy our attention, and will ba 
considered under two sections, tlienon-azoCi'setJ tubstaticn,oc 
those substances which contain nu nitrogen, and the azolixtd, 
or those bodies of whicli nitrogen is an element. 



VEGETABLK CHEMISTRY. 
lECTtON I.— NON-AZOTIZED BODIES. 



330. Three of the f.mr elements of the organic kia|! 

are contained in this group ; carbon, hydrogen, and oxygflB, 

of which hydrogen and oxygen are always in equal propor- 

ttions, or in the proportions to form water. 
Starch (dextrine), 
Cane sugar (crysialized), 
Grape sugar, 
Miiksugar, cijH;;o;,. 



Cellulose, 

330. WliU elemelibi o 



[iligaH^n 

oxygflB, 

propor- 

I 



OKOAItR] CHBMIBTKT. 

rch, or Jhcula, ia a body of great ini 
(B, froin its universal occurrence in the vegetable kinp 
, the impurtant offices it there fulfills, and the various 
cfaanges it may be maJo to undergo. There is scarcely a 
plant or a part of a plant which does not yield more or ieas 
of tbia subi*tance. Frequently the qutuitiCy is ao great that 
it produces in the plant an enormous distention of the cellu- 
Isr tissue. Thus tbe potato is swollen out of all shape or 
Tcgulax figure by an occnmulafion of starch mingled with 
wMer within the cells. Starch constitutes a very important 
and often a very abundant ingredient in seeds of all kinds. 
The interior of the stems of many palms is often filled with 
loose cellular subsiance rich in starch. 

If a fresh plant is bruised and macerated in water, and 
the liquid then squeezed out through a linen cloth, a large 
portion of the starch will pass with the juice from the veg- 
etable tissue, and will settle after standing as a mealy masa. 

Potatoes, grain, and many orchidaceous plants, ore very r 
in starch. Starch is a white, pulveruleni, opaque pawddl 
which under a powerful microscope is found 
to consist of small, generally regular, grains 
or globules. Their appearance within ihe 
cells of the plant is sijown in Fig, 97, which 
represents a section of some of tbe cells of 
the potato. The starch granules from dif- 
j.- gg ferent plants vary both in 
magnitude and form. Seve- 
ral of these forms are exhib- 
I ited in the accompany] 

ures. Fig. 93, 
1 granules gliat< 
t tbe touch, ani 
rather than 
egg-shaped gri 
eacli other, and 
each granule exiiihits 2 dark 
lines, as at a. The granules "o 

of wheal (Fig. 99.} are much „ O.^ " 





potatostarch. These 
ne sun ; they are hard lo 
always of a pulverulent 
te character. They are 
with scales overlapping 
■" "''^ Fi,.100. 



{Fig. 100.) , 



aller tlian those of potato ' '°^<i'^S» c 

starch. They are alrfo much ^WoV» ° 

harder. The granules of peas 6* ^o^ ■>" 
also much smaller than those * " 
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of the polaln. Arrotcroot is a starchy meal, prepared^ 
E&st and Weal Indies, from tlie roots of some marsfa jT 
lu graiiulea are intermediate in size between those (, 
and those of the potato. They are tranepar 
inecl by the microscope, and, therefore, Ihey fom a. powder 
.of less brilliant whiteness iban that of wheal. 

Sago is prepared by gently heating starch with coiutBiit 
Bgitalion, till tt dries up into hard, Homy, granules. The 
genuine sago comes from India, where the starch for its 
preparation is extracted from the piih of many of the psfan 
trees. Tapioca is prepared from the root of a South Amer- 
ican plant, which is now also cultivated for this purpose in 
die West Indies. This root contains a poisonous juice fraio 
which it is purified by pressure and heat. 

When starch is put mto cold water, and ihe waier genitj 
heated, its properties are cnmplelely altered. At a tempe- 
rature a little Delow the boiling point ihe granules bursli 
uid iheir contents form with the water a nearly transparent, 
^latinous mass. This is ireely miacible with water, if not 
m fact dissolved in that liquid. Minute shreds of metnlm- 
nous matier are discovered floating in the liquid, which are 
the envelops of each granule of starch. These give to the 
solution a slighily opalescent appearance. The swelling of 
many of our most common artielea of food, such aa nce, 
barley, beans, peas, &c., when boiled with water, is owing to 
the large amount of starch whicli they contain. 

Starch is insoluble in cold water and in alcohol, and is pre- 
cipiialed by many of ilie metallic oxides, as lime, baryta, avU 
oxide of lead, and also by a large addition of alcohol. In- 
fusion of galls throws down a copious yellow precipitate 
containing tannic acid (353.), which redisaolvea when the 
soluiion is healed. By far the moat char acl eristic reaction, 
however, ia that wilh free iodine, which forma with starcli a 
deep indigo-hluB compound (iodide of starch), which dia- 
eolres in pure water, although it is insoluble in free acid ot 
saline mailer. The blue liquid loses its color by heat, and 
this loss is permanent if (he boiling is long continued. In 
this case the iodine is volatilized, and the blue compoand 
therefore decumposed. If, however, the heat be qui(^ 
withdrawn, before the temperature reaches 312°, the color 
the iodine is, in this case, not entirely volatilized. 



1 put in a dry state into iodine, starch acquire 
plisb black culor. 

331. Dextrine and grape sugar. Tbick gelatinous starch, 
when boiled for a few minutes with dilute acid, cbangea loa 
fluid as limpid as water. If ihe acid is neutralized with 
carbonate of lime, and the liquid gently evaporated lo dry- 
ness, a Eubsiance is obtained having the appearance aiid 
many of the characters of gum. Tbia Bubstance is called 
dextrine, or gummy starch. In, chemical compon'tion it is pre- 
ctady the name as starch. If, instead of interrupiing the 
ebullition as soon as the rai.vlure of acid and slarili bae be- 
come clear, we continue it for several hours, adding from 
time to time email quantities of water tn supply the place of 
that lost by evaporation, and then separate the a< id, and boil 
down the solution to a small bulk, we obtain a sii'upy liquid, 
very sweet to the taste, which on standing for a iew days, 
entirely solidifies to a mass of grape sugar. This product 
exceeds in weight the starch from which it waa obtained. 

In ihe traiuformation of starcb to dextrine, no change of 
composition is produced, and none also in tbo change of des- 
trine lo grape sugar, except the absorption of the elements 
of water. The acid employfd is willidrawn at the end of 
the experiment in its original amount, and nothing ia ab- 
sorbed from the air. Starch ia also converted into sugar, by 
the action of a peculiar fei-ment, called diailase, which 13 
contained in an infusion of malt. Diastase is also found in 
germinating aeeds and buds wbUe developing. It dissolves 
and converts to food the starch which ia stored up for the 
nourishment of the young plant. By diastase, gelatinous 
atarch may be converted in a few minutes, at a lemperalurs 
of 160°, into dextrine, aud soon afler into grape sugar. 

In germiuation, potatoes becomes soft, mucilaginous, and 
afterwards sweet ; the dextrine formed from the starch ren- 
dere them mucilaginous, and ibe sugar formed from the 
dextrine renders Uiem sweet. The (juanliiy of starch in 
potatoes ifl found to vary in different months. lu August 
100 pounds of potatoes contained 10 pounds of starch ; in 
September 14 pounds; in October lH ; in November 16; 
in December 17 ; in January 17 ; in February 16; in March 
15; in April 13; in May 10. The starch, therefore, in- 



331. Hi>w amy deilrine be fonaed ! V/iud is ihe comnonilion ordnlrine t 
Hon rn»v Kmpe BU^Bt lie forineii '. WKst ia "fiaiitaae ( whsl in itB Rclinii iipna 
■Mich' Wliy ilo iHitntoes in gprminntian Iwcnme muBilHginuuB utA iXwivwiu 

Et Whm ia saiclof Ibequnnl'iy of Mutch eonlvunefiift ijui.ii,\ot» \w*am I 
nr mooi/uDf the jear! Whwi do BUb\o!S »iiA veats CQO\aMi «.■«<». I 
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cretsea Juring the winter, and in the spring, after I 
■ninoting priuciple is eKciletl, it diminishes. Unripe up 
and pears contain starcb, as is ehown by the teat with ii" 
When completely rijie ihey cease to give This reaction, uk 
Biarch littviug become convened into dexirine and engBtv 
which giveH a sweet lasre to the fruit. Front produces & 
tiroilar effect on those vegetables which are rich in eiurh ; 
hence frozen potatoes, apples, &:c,, have a eweel taste after 
being thawed. 

Grape sugar ia abundantly diffuaed throughout ihe vef 
etable kiiigdom. It may be extracted in large quantity from 
the juice of sweet grapes, and ulso from honey, of which it 
forms the sohd crystaline portion, by washing witb cold 
alcohol, which dissolves the fluid sirup. It is iiiund id many 
vegetables, and is especially abundant in fruits, as pluuu, 
pears, figs, grapes, kc. The white coaling of plums, and 
the white, sweet grains in raisins, consist of it. Compared 
with cane sugar it is much less soluble in water. One ounce 
of cold water will dissolve three ounces of cane sugar, but 
only two-thirds of an ounce of grape sugar. It b also 
much less sweet. Two and a half ounces of grape sogsr toe 
equivalent to oidy one ounce of common sugar in this respect 
'The crystals of cano sugar are bold and distinct ; grape sngar 
separates from its solutions in granular warty masses pre- 
senting crystaline faces but rarely. When pure it is nearly 
white. When healed it melts and loses 4 eq. of water, sntj, 
at a higher temperature, blackens and suffers decomposition. 
Alkalies, which turn grape sugar brown, produce little efieel 
on cane sugar, and sulphuric acid dissolves grape sugar willl- 
but blackening, but turns common sugar black. By thefle 
two tests, therefore, grape arid cane sugar may be distin- 
guished. Another test is to add caustic potasb to the sugar 
mixed with a solution of copper. When this mixture ia 
heated, grape sugar throws down a green precipitate, wfcich 
turns deep red, while the solution is left colorless. The actim 
with cane sugar is very different. The mixture in this case 
alters very slowly, gradually forming a red precipitate, end 
leaving the solution blue. Grape sugar, like cane sugar, 
gives with common salt a soluble compound of sweetish saline 
taste, which crystalizes in a regular and heauiifiil manner. 

332. Cnne tvgaria found aliundanily in the juices of many 
plants, but is chiefty extracted from the sugar cane. By 

, What beccinrs of this ilanh when Ihc fruit ripeni ? Wlial ia sBJd of grape 
mrt In that rpspcclB iurs iifliHfi ftoia cane Batmi Bi -».tiii um auij 
'to kicdB ufiiigBr be dialJnguuWd t 



evaporatin? the cB.ne1iquor,itis crystalized in large rl]t>iii1)ic 
prisma wbicb are colurless. Sugar is permanent in tLe air, 
pbosphoreaiieDt by friction and electricity, and of the sp. gr. 
1*6. It has a. pure sweet taste, and ia very soluble in water. 
uoiling with a third oC its weight of cold water, and diasolV' 
ing to an almost unlimited extent in hot water. It ia dis- 
eolved by alcohol, but not as readily, aud in absolute alcohol 
it ia altnuat insoluble. When heated, it melts and gives rise 
to a yellowish, transparent body, called barley sugar. If 
kept at a temperature of 630'^ it tuiTis to a reddisb-browD 
Bubstance called caramel. Sugar has the property of com- 
bining like an acid with some bases, as potash, lime, ammonia, 
oxide o( lead, &c. These compounds are called gaccharatet. 

Sugar is a powerful antiseptic, and is now used to a con- 
siderable extent for preserving meat and fish, for which pur- 
pose it possesses the advantage of acting in a much less quan- 
tity thau is requisite of common salt, and of not destroying 
the taste nor impairing the nulritivo qualities of the food. 

In many parts of the continent of Europe, sugar is man- 
ufactured on a large scale from the beet roo2, which cgu- 
tainb about 8 per cent, of that substance. Large quantil' 
are also obtained from the sap of the maple tree. , 

383. Milk tugar, lactine, is obtained in large quantitieB 
evaporating whey to a sirupy state, and puril'ying by a 
charcoal the lactine which slowly crystalisees out. It is 
less sweet than either cane or grape sugar. It is also harder 
and less soluble, requiring 5 or 6 times its weight of cold, 
and 2J times its weight of hot water to dissolve it. When 
Hiixed with hydrochloric or sulphuric acid^, it becomes con- 
verted into grape sugar, and this change is hastened by boil- 
ing. It forms four-sided prisms which are white, translucent, 
and of great hardness. When heated it loses water, and at 
a high temperature blackens and decomposes. A peculiar 
acid, called lactic acid, is formed from milk sugar when 
allowed to stand, and this acid coagulates the milk, and cau- 
aaa it to turn sour. 

334. The iiEeel principle* of plants appear to ha rather 
numerous. Already five or six distinct bodies of this kind 
liave been pointed out and examined, and it is probable that 
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i' others exial which are yet undescrlted. Thus.besiJee As 
P JUgBT of cano, beet root, &:c„ a second variety constitutes 
Vibe B>r«ei matter of nil ordinary fruits ; a third is fimnd ia 
F eertnin fungi ; a. fuurih in common liquorice ; a fif lb e: 
r'taaDna, which is an exudation froni a upecies of itsb id 
em Eorttpo ; a sixth ia found in milk, 

33.5. Gum — Gum Arabk. Guma of various kinds exisl in 
many plants, and ui^eu in such abundance that ihey exude 
' firom the bark as a viscid liquid, and harden upon it in trans- 
tiaroni globular masses. Examples of this kind are found 
['in beacb and cherry trees. Gum Arabic comes from an 
^ African tree, a species of acacia, from which it exudes spon- 
taneously. It is the best type of this class of bodies. It 
forma white or slightly yellowish irregular masses, which are 
deatititle of eryslaline structure, and break with a smooth 
cnncboidal fracture. It id bleached by exposure to the sun, 
«nd its powder is nearly or quite while. It is soluble in 
water, forming a viscid, adhesive, taaieless solution, from 
which pure arahlne, or the soluble gummy principle, may 
be precipitated by alcohol. It has a very feeble, slightly 
sweetish taste, and, when pure, dissolves wholly in the 
mouth. It undergoes no change by time when kept in s 
tiry place. lis aqueous solution, if strong, remains fiw i 
considerable time unaltei'ed, but at length becomes sour, ni 
consequence of the production of acetic acid (346.) At a 
temperature between 300° and 400°, it becomes soft, and 
may be drawn into threads. 

Gum Arabic is used instead of paste or glue for joining 
together paper, &c., and for uniting in a mass cenain pul- 
rerulont subsiances, as crayons, pastiles, &c. It is employed 
also m calico printing as a thickening material for colors 
ftnd mordants, and \a finishing and dressing operations. 
Gum or arabiue (C,jH,,Oii.) is isomeric with crystaitzed 
cane sugar. 

330. Pectine. This substance exists more or less in all 
vegetablei, especially in ihose fruits and roots from which 



jollies are prepared. To ibi 

' en boiled with 
a gelatinous 



when boiled with stigar, it gives the property of hardening 




18 of thej 



especially 

hardening 

vegetable juices 



t propeiliigj-^ 
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«y be precipilated by alcohnl. As thua obtained, it 

3 vrhea moist a transparent jelly, imperfecily soluble if 

r, and tasteless, which dries up to a tianslucent t 

a very nearly allied to the gums. 

'l striking' peculiarity of this substance is, that by ti 
tgency of a Gxed alkali or alkaline eariby base.it isinetani 
converted iatopertic acid, which unites with the base to form 
apectate. On the addition of an acid to this pectate, it b 
40Compoaed and the pectic acid liberated, This acid is in 
"' ft furm of a colorless jelly, slightly acid, scarcely solable in 
' \ water, more soluble in hot water. With the latter it 
lution which is coagulated by the addition of alco- 
wBter, acids, or salts, or even sugar, if allowed to 
^d for some time. 

(37. Cellulose, vegetable t'tttue, Ugnine. is that portion of 
^y plant which remains behind after the action of several 
lyents, such as water, dilute acid and alkali, alcohol and 
^e been successively applied. By these solvents 
, sugar, resin, coloiing- matter, &c., are removed, 
d there is left behind a white fibrous skeleton which is 
Slulose. This is the fundamental material of the structure 
K plants. It is employed in the organization of cells and 
sels of all kinds. What bono, Hesfa, and skin, are to the 
ma), cellulose is to the plant. 

1 Fig. 101, is represented a transverse section of the 
ine as seen by the. microscope, 
o thin as to display only one layer 
X, cells, but a thicker section would show 
a second set of the same kind of cells be- 
iind the first. The forms of vegetable cells ' 
are exceedingly various, being globular > 
in some plants, angular in others, and of 
the latter some are three sided, others 
square, hut the greater part are hexagonal 
or six-iiided figures. 

In the young leaves, aud tu the pulp of fru 
as apples, plums, carrots, &c., cellulose is very finely r 
fied, tender, soft, and easily digestible ; in straw, wood, and 
,tha husk of grain, it is bard and indigestible; it forms the 
I of plums, cherries, and peaches, and the shells of 
and also the light pith of ihe elder, the substance of 
and the long pHant fibres of hemp, (lax, and cotton. 



Fig, 101. 





Under a good micritscnpe the uliimate fibres o( ceQutooa 
prtMenl ilie a|)pearunce uf minute ribands witb rolled or 
Lu^kiiued edges. 

Celltilose is seen in a slate of purity !it the fibres of linen 
<n. It is of perfect whiteness, insoluble in water 
d Ucoho), and taatelei^. Strong and cold sulphuric acid 
Kiverts it into dextrine. When digested in fused potasb, 
in its weight of water, linen yarn becomes itamedi- 
tely yellow, while cotton remains white, and in litis way 
MM two forms of cellulose may be distinguished. They 
iaay aldo be distinguished by the appearance of their fibres 
Kider the microscope. ""' 



The fibre 

intorled or shrivel led ; 

ind, and with cross knots i 
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338. Wotid consists chiefly of cellulose. Dry timber 
conaiets on an average of 9G parts of fibrous and 4 of soluble 
maUer in 100, but these proportions vary somewhat with ibe 
season, the soil, and the plant. Wood becomes snow-whjte 
when exposed to the action of chlorine. If loo long expo- 
sed, the chlorine destroys the vegetable tissue by abstracOnff 

idie hydrogen. When dipped in strong sulphuric aj?id, wood 
'{it charred, because the acid attracts from it hydrogen asd 
Oxygen and leaves carbon. The oxygen and hydrogen 
unite to form water by the presence of sulphnric acid (dis- 
posing affinity, p. 64), and the water thus formed unites with 
tbe sulphuric acid. When digested with dilute aulpburic 
acid, it is transformed first mto gum, and afterwards, by 
ebullition with water, into grape sugar. By nitric acid wood 
ii dyed yellow, being oxidised by tliis acid. By long con- 
tinued treatment, all the carbon may be oxidized into car- 
bonic acid, and si! the hydrogen into water, 

339. Gun-coUon, pyroxiline, is explosive vegetable tissue, 
prepared by oxidizing cotton with nitric acid. Half an 
ounce of the strongest nitric acid (an. gr. 1'5} is mixed with 
an ounce of strong sulphuric acid. The object of the latter 
is to attract and retain the water contained in the nitric- acid, 
and that which separates from the cotton. This mixture is 
poured into a porcelain mortar or bowl, and ns much cotton 
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I in with llie pestle as can be moistened with the adffi 
cotton ia not essential, as cotloo cloih, wkk yartij* 
printing- paper, &c., will answor. When the cotton haa 
soaked for five minutes, it is taken out with a gla.19 ro<1, put 
into a veHsel of water, and waahed repeatedly with fresh por- 
tions of water until it no longer reddena blue test-paper. 
The cotton is then squeezed out vi'ith the hand, spread upon 
a sheet of paper, and dried in an airy place. It is dangerous 
10 dry it on a stove, as it easily lakes fire. One hundred 
p&TiB of pure lignine yield 176 of pyrojciline. Jt is while, 
inodorous, insoluble in water, soluble in ether and caustic 

tiotaah. When touched with a red hot iron it explodes, and 
eaves no residue. By a stroke of a hammer the part struck 
explodes and drives ofFihe remainder unconsumed. lis power 
in propelling balls is about eight times greater than that of 
gunpowder. This great energy depends upon the faet that 
it is completely resolved by its combustion ittin aqueous 
ir and permanent gases, which are carbonic acid, carimnic 
I, and nitrogen. Its purity (i. e. the conversion of the 
le of which it is made into pyroxiline) may be ascer- 
'tuned by sulphuric acid of the density 1-4 to 1-76, whid» ^ 
dissolves it if pure without bccomiug colored, but if ligniaR 
is present the acid is soon colored. 
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^ 340. Sulphuric, nitric, and other inorganic or 
'ids are formed artificially, but the acids which are 
fdeacribed are the product of the vital principli 

ipnsing these acids we arrive at their constitution, 

innol again unife their elements to form these bod- 

The following table includes the moat important of iheae 




Osalic acid. 
Tartaric acid. 
Acetic acid, 
Citric acid. 
Malic acid. 
Tannic acid, 
Gallic acid. 



C;,03,H0-|-aH0. 
CaHjOio, aHO. 
CH^Oj, HO. 
C.jHsOu, 3HO. 
CbH,0„ 2H0. 
CifiHjO;,, 3H0. 
C,HO,. 2HO. 
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341. Oj'^lic acid U furmej by ibesctinnof nitric add on 
MBTchi lugar, and matiy oiher subiiaiices. It is diebigfaest 
mue of vegelalile oxidaiion, for if more oitygen be added it 
3 its vegetable nature, and is resolved inio carbonic acid 
water. In iis formaiiiin, ibis excess of oxvgeu wbicb it 
contains compared wiib any other organic corapounil, is liir- 
nitahed by nitric acid. It )nay also be obtained from oi^anic 
•ubstaiices by the action of caumc potash. Tbtia if wood eha- 
vinn be mixed with a solution of caustic potash, aj>d exposed 
to a beat considerably higher than 31:^'^, they will bo pai^ 
tially decomposed, and converted into oxalic acid, which loen 
combiner with tbe alkali forming nxataie of potash. This 
is perhaps tbe cheapest method of obtaining oxalic acid. 

Oxalic acid is a colorless cryatalized solid, poaaessing cou- 
Biderabb volatility, and a stroiig sour taste. Its crysUle 
have the abape of slender, flattened, four or six-aided prisnui 
They ijiasolve in about nine limes their weight of cold, and 
in their own weight of boilin? water. They are also solu- 
ble in alcohol. Oxalic acid is very poisonous. Instances 
are on record of its proving fatal in ten minutes, and lew 
curvivo the eSecta uf a. poisonous dose beyond an hoar. 
Magnesia and chalk are tbe proner antidotes. 

According to the formula CjOj, HO+8HO, crystals of 
oxalic acid contain 1 eq. of basic water (water of constitu- 
tion), with two eq. of water of cryjitalization. The latter 
may be removed by exposure to a low heat, and tbe acid then 
becomes a while powder anil subliraea without difficulty. 
The symbol of the acid in this state will he CjOa.HO 
(omittiDg 2HO from tbe above formula). Any attempt to 
simplify its constitution slill farther by driving off tbe basic 
water HO, in order to imilate the acid as CjOj, is attended 
by its decomposition, as follows : 




All the olher organic acida can be converted inlo i 
by iho addition of uxyffen, liul oxalic a 
tnade by any chemical process to return to a lower state of 
oxidation. 

Oxalic acid occurs naturally in several plants, in union 
with potash or lime. It has a very strong affinity fur lime, 
nnd forms with it an insoluble precipitate of oxalate of lime, 
whenever the acid and the earth are brought into contact. 
Hence oxalic acid, and its soluble combinations, are the best 
lesla for lime which we poHseas; and lime, on ihe other hand, 
ia the best test for oxalic acid. So strong is the mutual at- 
tractioti between this acid and lime, that the former takes 
the latter even from sulphuric acid. Hence the addiiion of 
ft soluble oxalate produces a white cloud in a solution of 
sulphate of lime. Oxalic acid ia used in calico printing, 
and in removing ink spots from linen or paper. This it 
does by dissolving the oxide (aesquioxide) of iron, and both 
are removed by washing'. Calico ia dyed yellow by dip- 
ping it in a solution of protosulphate of iron (green vitiiol.) 
Ammonia is then added, whicn withdraws the sulphuric 
i4Gid and leaves the ii-on as protoxide. This, on exposure 
r and drying, becomes converted into the yellow 
[uioside. Oti this ground white patterns are stamped 
1 oxalic acid, which dissolves the sesquioxide wherever 
'it touches, and leaves a white figure. 

342. Tartaric acid is the acid of grapes, of tamarinds, of 
the pine-apple, and several other fruits, in which it occurs 
at bitartrate of potash. Tartrate of lime is also occasionally 

[Wtflt with. Tartaric acid is a white crystalized solid, in the 
irregular six-sided prisms. It is unalterable in the 
_.. and possesaea a strong acid taste which becomes agreea- 
'Ufl when the acid is sutiiciently diluted with water. It is 
Boluble in five or six times its weight of cold, and twice its 
weight of boiling water. It is also soluble in alcohol. The 
solution reddens litmus strongly. A weak aqueous solution 
is decomposed by keeping, becoming covered with a mouldy 
pellicle. 

343. Acid tartrate of potash, cream of tartar, KG, HO, 
CgH.Oi Q. During the fermentation of grHpe juice a crys- 
taline, atony matter is deposited. This con.-iHls chiefly of 
acid tartrate of potash, with a little tartrate of lime and col- 
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ering matter, and is the source nf all the tartaric i 

eammerce. It is purified by eoluliim in hot water, a 

coloiing matter id removed by animal charcoal. It fijfttt 
email, txan^paient or transluceat, prismatic crystals, irrega- 
larly grou]>ecl tngether, which are hard and gritty liefween 
the leetli, and dissolve slowly iti the mouth. It is permanent 
in ibe ur, aud soluble in 15 parts of boiling water, but ibe 
greater part Beparates on cooling, leaving about -j^ or teas 
dissolved in the cold liiiuid. lis solubility in water ia greatlf 
increased by tbe addition of borax. It is insoluble in afco- 
bol. It has an acid reaction and a sotir taste. 

344. Tarlralt vf potash, ao/ulh (arfor, SKO, CaH,Oj„ 
majr be made by adding carbonate of potash to cream of lar- 
tar. It is very soluble, and crystalizes with difficulty iu 
irregular six-sided prisms, which are pei-manent in tbe air, 
awl tiave a bitter, saline taste. 

345. Tartrate of anlimimi/ and potaa?i, tarfar emtttr.T&O, 
SbaOs, C,H,0,„+2HO, is made by bi.iling oxide of anti- 
mony in Bolution of cream of tartar. It is deposited from a 
hot and concentrated solution in crystals derived from an 
octabedron with a rhombic base, which dissolve in 15 parti 
of cold and 3' of boiling water. The solution is decomposed 
by both acida and alkalies. Sulphuretted hydrogen sepa- 
rates all the antimony as a aulphuret. Crystals of tartar 
emetic are colorless, and have an acid and extremely disa- 
efreeable taste. When exposed to the air they effloresce and 
become opaque. 

346. Acttiir acid, pj/rolignrous acid, vinegar. When alco- 
hol is oxidized it is converted into vinegar. This does not 
take place by mere exposure to the air, or even to oxygen 
gas, as pure alcohol is not affected by either of these. TO 
produce this effect it is necessary to add a. ferment, as yeaai, 
vinegar, &c., which, by disposing affinity (p. 64-), generates 
an action that would not exist without iis prcaence. A tub, 
a, (Fig. 101,} 13 or 15 feet high, is filled with sharinga of 
beach-wood an<l is furnished with a perforated shelf, h, near 
the lop. Through this shelf small holes are made, and 
eiringa let down with knots lied in the upper extremities, 
which prevent them from falling through. The" alcohol ig 
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poured into ihe tub above die sbelf i. and irickies down alow 
over the tbi'eada, and tbita diffuses itself over the sbavingar 4 
forming a very thin layer, 
which presents to the air a 
titrfact many thousand linries 
more extenBive than was pio- 
duced by any former method. 
Several large htilea c, c, are 
bored around the lower part 
of the tub, and also in the per- 
forated shelf at d, (2, (i, to pro- 
duce a free circulation of air. 
The large holes d, d, d, are 
filled with tubes which rise 
above the alcohol upon the 
perforated ehelf. Ihe pro- 
cess of fermentation wuhin 
the tub produces an elevated 
temperature (104O). The 
heated air, therefore, rises ~ 
and passes off through the tubes dt d, d, while fresh air 
enters at c, c, and thus a circulation is kept up within the 
tub. The air passing through the shavings within, gives up 
iu oxygen to the alcohol, and coiivertB it into vinegar. The 
Jerment used in this process is strong vinegar, with which 
the tub and the shavings are previoiuly moistened. Brandy, 
beer, wine, &c., may he converted into vinegar in a few 
hours by being passed through the tub three or four limes, 
^j In the United Stales, vinegar is usually made from cider, 
^■ft^ch, by long exposure to the atmofiphere, attracts addi- 
HBfnal portions of oxygen, and is converted into acetic acid. 
B'33^ yellow or brownish color is often imparted to it by burnt 
sugar, or extract of chicory. 

Dilute acetic acid, or distilled vinegar, used in mcdiciue, 
should always be examined for lead or copper, as it some- 
times contauia these impurities, derived from the meialUc 
vessel oi' condenser used in the process. The strength of 
any sample of acetic acid cannot be safely infencd from its 
density, but is easily determined by the quantity of dry car- 
e of soda necessai-y to saturate a known weight of Ihe 
. The water contained in vinegar ii'eezes on exposure 
[cold sooner than tiie acid i hence, in this way, weak vine- 
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gar ma^ bo Mrengthened. Tlie some action is i 
wb<ni wine is exposed to tbe cold. 

Arelic ocid unirea in nil proportions with wafer, and ^ 
aolves to a curtain extent in Hlcobol. It ia a solvent of k 
great number of aubsiances, Bucti as tlie volatile oils, cam- 

fihoT, gluten, reeins Riit) giim-reeins, fibiine, albumeri, Icic. 
t U one of the few -vegetable acids that volatilize witbout 
decomposition. lis boiling; point is somewhat higher ihon 
that of water, and when boiled in opon veaeets it takea fire, 
and bums with a blue flame tike alcohol. It attracts humid- 
ity from tbe almoephere, and should, thexefore, be preserred 
in well stopped bottles. 

347, Aretafc of lead, PbO, C^HjOj + SHO, is prepared 
on a large scale by dissolving litharge iu acetic &dd. It may 
be obtained in colorless, transparent, brilliant needles, whicQ 
are prisms with dihedral summits. It is usually obtained in 
commerce as a confusedly cryataline mass, somewhat resem- 
bling loaf-sugar. From this fact and from its sweet taste it 
is called sugar of had. The crystals are soluble in about 
j'j part of cold water, effloresce in dry air, and melt when 
gently heated. The water of crystalizaiion is easily driven 
off by heat, and the salt in the anhydrous state obtained. In 
this state it sufiers the igneous fusion, and afterwards deccHn- 
iKises Bt a higher tempeiaturo. Aceia 
'in alcnhol. The watery solution has a 
astringent taste. Spirituous liquors \ 
with il, and thus rendered more or 1 ^ 
Dsed to remove the raiicidity of nils. Inferior olive ml u 
thus made to pass for good. 

348. SuLaceteile of copper, verdigris, is made by npreadins 

the marc of grapes upon plates of copper exposed tr '■- 

for several weeks, or by spreading on the copper pT 
cea of cloth dipped in crude acetic acid. Verdigris ie 
masses of a pale green color, composed of a multitude ef 
minute, silky crystals. It is a mixture of several acetates of 
copper ; one of these may be obtained by digesting in warm 
water; a second by boiling ; the third is found in the insolu- 
■tle residue. A fine green ink may be prepared by boiling a 
xaixiure of 8 parts verdigris, with I of cream of tartar, aad 
fi of water. The solution is then passed through cloth and 
bottled for use. 
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349. Acetate of ropper, CuO, CJl^O^+'HO, is prepared 
by dissolving verdigris in hot acetic acid, and leaving the 
filtered solution to cooL It forms beautiful dark green crys- 
tals, which dissolve in 14 parts of cold and 5 of boiling water, 
and are also soluble in alcohol. This salt is sometimes called 
dittilled rerdigrU, and is used as a pigment. By addii 
brown sugar to a builing aolution, it is deconjpoBed, and a 
crystaline powder subsides. 

350. Acctat, CgHgOg, may be mentioned in connectii 
with acetic acid. Ills one of tbe products of the slow oxida- 
tion of alcohol vapor under the influence of platinum (319.) 
It is a thin, colorless liquid, of pungent, ethereal odor, soluble 
in 6 or 7 parts of water, and miscible in all proportions with 
alcohol. It has a peculiar, strongly acid taste, and reduces 
witb great facility certain metallic solutions, Buch as tkoee of 
platinum, gold, and silver. Its density is 0'823, and it boils 
St 203'^. 

■361. Citric acid is obtained in large quantities from the 
"*e of limes and lemons. It is found in many other fmits, 
[in gooseberries, currants, &.v,., in conjunction with malic 
id (352.) From these frnits it is separated by the aid of 
dialk, which forma with the acid citrate of lime. Sulphuric 
acid is then added, which takes the base lime, and liberates 
the citric acid. It is clarified by digestion with animal char- 
Coal, and yields colorless, prismatic crystals, of a pure and 
agreeable acid taste, and soluble both in hot and cold water. 
These crystals are of two dificrent forms ; those which sep- 
arate in the cold by span I a neons evaporation contain 5 eq. of 
riifrater, but those which are deposited from a hot soluiiou con- 
"a only 4 eq. Their solution strongly reddens litmus, and, 
n long kept, is subject to spontaneous change. 
|k-35S. Malic acid is obtained from sour apples, peara, ber- 
"■ of the mountain ash, and many other plants. It may be 
spared from the stalks of rhubarb, in which it occurs with 
slate of potash. It is very deliquescent, and, therefore, 
fficult to crysialize. It is colorless, and soluble in water. 
Alcohol also dissolves it. The aqueous solution has an agree- 
able acid taste, becomes mouldy and spoils by keeping. 

349. Wnte and etpUin the fonnulg lor sceiue of copp«r. Stale the mode 
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353. Tannic and gallic acidt are aubstaTices in n'bicb Ae 
' kdd diaracier u much lege marked than in the preceding 
' bodies. They constitute the astringent principles of plants, 
Knd.aro widely ditTused throughout the regetable kiagdom. 
Tantiio acid has been divided into several vaHeiies, for, whan 
procured from certain veeetabtee, it afTorda a black precipi* 
tBlo with a eeaquioxide of iron, but when obtained jrom other 
Tegetsblen. it produces a grayish-green precipitate with tha 
tame solt of iron. As this acid refuaes to cryslalize, it has 
not yet been decided whether these arc in fact difl'ereni vari- 
eties, for the color of bodies is so mnoh affected by external 
causes that it catinot be relied on as a proof of identity or 
dtfTerraice. 

Tannic acid forma insoluble compounds with starch, gela- 
tine (410,), and other organic bodies, vhich thus acquire (he 
froperty if rft'itting putrefaction. When the skins of ani- 
Rials are steeped in an infusion of oak bark or of any other 
I vegetable containing tannic acid, the insoluble compound 
formed by the gelatine of the skin with the tannic acid coit- 
stiluies leather. Quick tanning is performed by forcing the 
liquid containing tannin into the skm by pressure. The for- 
mation of leather may also be hastened by using a strong 
solution of the tanning principle (wiiich may be extracted 
from the bark), instead of the bark itself. But these quick 
methods do not produce equally good leather. The common 
method is to infuse coarsely powdered oak-bork in water, 
and to keep the skin immeised in this solution a certain 
leogtb of time. During this process, which is slow and 
gradual, the skin is found to have increased in weight, and to 
have acquired considerable tenacity, and impermeability to 
water. Certain salts are also sometimes used in converting 
skins to leather. This is most frequently done by laying them 
jn a solution of alum and common salt. The leather pre- 
I pared in this way is white and more supple than that pre- 
L^pared by the former method. 

T^ Tannic acid of the oak may be prepai-ed from nut-galls. A 
■ glass vessel a, (Fig, 102.) is loosely stopped with cotton or wool 
at its lower extiemity, and half or two-thirds filled with pow- 
dered galls. Ether containing, as it invariably docs, a little 
water, is poured upon the powder, and the vessel loosely 
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stopped. The liquid, which after sometime col- 
lects in the receiver below, consists of twodistinct 
strata, 6 and c, of which the lowest, c, is a very 
strong, colorless solution of nearly pui-e tannic 
acid in water ; the upper, b, consists of ether, 
holding in solution gallic acid, coloring matter, i 
and other impurities. The solution of tannic 
acid, afier being carefully separated, is dried in 
vacuo with the presence of sulphuric acid. The 
dry tannic acid thus produced is a slightly yellow- 
ish, friable, porous mass, without the slightest ten- 
dency to crystalize. It is very soluble In water, 
lessBoinalcohoI,andvery slightly soluble in ether. 
It reddens litmus, and possesses a pure astringent , 
tSAte without bitterness. \ 

Artificial tannin has been prepared by adding to 
100 grains of charcoal, 500 of nitric acid, diluted 
with twice its weight of water. This mixture was heated 
and suffered to digest for two days, when more acid was 
added, and the digestion continued until the charcoal was 
dissolved. The solution being evaporated to dryness, lefl a 
dark brown mass, which was tannm of a bitter and highly 
astringent taste. 

354. Gallic acid is much less abundant than tannic acid, 
d seems to be produced by an alteration of the latter. A 
lUion of tannic acid when exposed to the air, ^adually 
Mcygon and deposits crystals of gallic acid. The 
piplest method of preparing this acid in quantity is to make 
wdered nutgalls into a paste with water, and expose the 
jxture to the air in a warm situation for two or three 
mtbs, adding water fi-om time to time to replace that which 
lost by drying up. The mouldy, dark colored maas pro- 
ced, may be strongly pressed in a cloth, and the solid por- 
.B boiledin a considerable quantity of water. The filtered 
hitioa deposits, on cooling, abundance of gallic acid, which 
ar be di-ained and pressed, and finally purified by recrys- 
' tatization. It forms small, feathery, and nearly colorless 
crystals, which have a beautiful, silky lustre, and require for 
solution 100 parts of cold, but only 3 of boiling water. The 
solution haa an acid and astringent taste, and is gradually de- 
composed by keeping. Like tannic acid it yields no precip- 
itate with a protosalt of iron, but forms a deep black precip- 
itate with a persalt, which disappears when the liquid is 
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IttkBated. by the reduciion of ihe peroxide of iron to the pTO- 
J toxido. rhia acid dues not, like ilie laat, tan the ^n of ani- 
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355. The conversion of starch into dextrine, and after- 
\VSrdB into su^ar, may be illualraied by the following exp^- 
iment ; — Boil two parts of potato starch with twenty pan« 
of water, and add to the paste thus formed one pan of glu- 
ten (410.) of wheat flour. Expose the mixture for 8 hotUB 
to a temperalare of from 122'^ to 167'^. It will lose itH pasty 
dHracter, and become by degrees limpid, transparent, and 
Bwcet, passing first into oextiitie and then into Eugar. Tlus 
prodaclion takes place in the germination and kiln-drying of 
malt. The Tnoj^ing- of the brewer, and I he sweetening of 
bread in baking depend upon the same principlea. An ana- 
logous process takes place in the cooking of certain vege- 
tables, as parsneps, carrots, poiatoea, &c., in which sweet- 
ness is developed by heat and moisture. The saccharine 
fermentation of seeds in iho manufacture of malt, is protln- 
ced by the following process ; Barley is first soaked m wft- 
ter for two or three days, Tlie water is afterwards drained 
off, and the grain left in this moist state soon heats spontsne- 
onsly, swells, buTSts, sweetens, and finally sprouts. When 
these sprouts aio about an inch long, the process is atintped 
by putting the grain into a kiln, where it is well dried al & 
gentle heat. It is now maH, a crispy and friable substance, 
which is used in the manufacture of beer, 

356, In the manufacture of sugar ftom the cane, great 
difficulty arises from the extreme stisceptibility of change in 
the cane juice. The latter, as it runs from the crushing mill 
is as clear and colorieaj as water, but decrim position soon 
commences, which is accelerated by the heat and moistttre 
of the climate, and in a short time the sweet tasted, bland 
liquid becomes converted into a spirituous or ascescenl pro- 
duet, turbid from irtstiluble, suspended matter, and totally 
unfit for the purposes to which it was intended to be applied. 
To guard against this evil, the sugar-boiler always endi^avors 
' " anduct the first part at least of the pi-ocess as rapidly as 

lihle, Afier the cane-juice is exiiactcd by pressing the 
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lea betweew two cylintlers of iron, it is then carefully boil- 
witti linie-wBter, wliich oeutralizea any free acid, and 
facilitates also the reparation of certain vegetable mattera 
wliicli rise in a liiick scum to the surface. This ia skimmed 
off, and ihe sugar, when thus claiified and suf&ciently con- 
centrated, ia let oif into shallow, wooden coolers, where it 
concretes. It ia then put inio barrels with holes in the bot- 
tom, throug'h which a quantity of treacle, or molaasea, gradu- 
alfy drips, and the sugar, aAer remaining in those barrels for 
weeks, becomes dry and lit for shipment. This is 
^.wn or rata aucar. 

^ The Tuning of sugar is usuaily performed in the foreign 
ppr\» to which it is shipped. For this purpose it is put into a 
copper pan orboiler, previously charged with a certain quan- 
tity of lime-water, with which a portion of bullock's blood 
has been well mixed by agitation, and also front 5 to 20 per 
cent, of bone-black (animal charcoal). In this state it is suf- 
fered to remain over night. Early in the morning fires are 
lighted under the pans, and, when the liquid boils, the coag- 
ulated albumen (408.) of the blood rises Co the surface, and 
carries the impurities of tbe sugar with it. Whites of eggs, 
which also contain albumen, are sometimea used instead of 
blood. The liquid is kept gently simmering and continually 
eldrnmed, until a small quantity taken out in a apoon appears 
perfectly transparent. This generally takes from 4 to 5 hours. 
The clear sirup is then boiled down aa rapidly as possible, 
till a small quantity on the thumb is capable of being drawn 
out into threads by the fore-finger. The more rapidly the 
boiling is effected without scorching the sugar, the better 
and greater is the product of the sugar. As this object is 
best accomplished in a vacuum, hence the advantage of the 
vacuum proceu (2S.) Tbe fire is now damped, and the simp 
carried off in basins to the coolers. Here it is violently ngi- 
tated with wooden oars till it appears granulated, for it is 
upon this agitation that the whiteness and fineness of the 
grain in the refined sugar principally depend. This breaks 
dawn tbe crystals while forming, and converts the whole into 
a granular mass. Sugar in this form permits the colored 
liquid containing molasses, &c., to run off, which would be 
combined with the solid were it suffered to fotm in large 
crystals. 

This granular texture also facilitates the next process. 
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whi<-Ji is tn form ihe sugar into loaves anil to purify 4 
knvM. While etill warm the srigar is poured into CO 
mouldii, which are inverted, and upon the base thus pW 
uppermost, clay wet up with water is poured. The water 
from this clay gradually tricklea througli tho sugar loaves 
and carries off the coloring matter, which is much more soIh- 
ble than tho cry^talizcd sugar. The loaves thus rendered 
white are atore-drird at a temperature between 95° and 1 00°. 
The ail-up or drainings collected in pots are mixed with the 
raw sugar in the next boiling. This sirup ia divided accord- 
ing to its Jineness, that whirh drains last from the sugar 
bemg, of course, ihc finest. Thefirel rxnniw^* are reserved 
fur the coarsest loaves, while the laat, being little else tliati 
clear sirup, are boiled inio loaves of the same fineness as 
those from which ihey ran. 

Between sugar candy and loaf sngar there is the Game 
diflerence as between calcareous spar and while marble. 
Large and distinct crystals characterize the former; a con- 
" sed aiiscmblage of small crystals the latter. Su^ar candy 

made without agitation of the hot simp. Tbis^s poured 
halo pans, across which threads are strung, and to these the 
crystals attach themselves. The pans are set in a stove, 
and great care is taken not to disturb the liquid, aa upon 
[his depends the largeness and beauty of the crystals. Id 
this state the sugar is lefV for five or six days, exposed to a 
heal of about 9.'>''. The crystalized candy is then taken 
out and washed with lime-water. This takes off the mo- 
lasses from the oaUidc, but a great quantity is enclosed 

it I] in tho crystals. 

357. Coneeriion a/* sugar into alcohol. This is sometiines 

illed the vimms* Jermemation, as it produces wine and 

'other liquors containing alcuhiil. As a previous step, the 

tacchanne fermentation must in most cases be formed, so 

that if sugar is not developed during the life of the plant, 

. in this way be produced before the vinous fermentB' 

n take place. Thus barley is conveited into malt, 

tliia slate only is it susceptible of undergoing the 

fermentation by which it is converted into beur. 

A solution of sugar in water may bo kept for a compara- 
lively lojig time without undergoing any change, but if 
blood, albumen, leaven, or any nitrogmized matters, in a. 
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Tbe eame action taltes place in making bread. The leaven 
.causes tbe sugar which the flour contains to fermeut, and, in 
this case, notonly the carbonic acid produced by the fermen- 
tation uf the sugar, but also the alcohol thus produced, are 
driven off by the heat of baking. A portion of tlieee gas- 
eous products being entangled within Uie bread, cause it to 
puff up, and thus to become lighL 

The first action of fermentation on the various sugars ia, 
probably, to bring them all to the condition of grape sugar, 
and iben decomposition into alcohol and carbonic acid en- 
sues. In the same way the sugar of fruits is converted into 
the different wines, and other iutoxicating drinks. The pe- 
culiar and characteristic taste of ibese different liquors is 
produced by the substances which areprosent with the sugar, 
and not by tbe fermented sugar itself. The amount of liquor 
produced must, of course, be in proportion to tbe sugar 
which the plant contains, but this is not the only circumstance 
which determines the plant or fruit to be selected. Tbe 
manner and proportion in which tbe sugar is mixed with 
ibe otber ingredients, is what chiefly determines the quantity 
and value of the liquor produced. Hence, though the sugar 
cane yields sugar far more abundantly than any other plant, 
and consequently may be made to produce the most hquor, 
yet the grape is selected as producing the best wine. 

When the expressed juice of grapes, or mtui, is enclosed in 
a vessel out of contact of air, and subjected to the beat of 
boiling water, the small portion of oxygen present is ren- 
dered inactive, and the liquor does not fei-meut. But an 
exceedingly small portion of oxygen, even a single bubble, 
will start tbe fermentation, after which it will go on with or 
without ihe presence of air. The mutual reaction of tbe fer- 
ment, formed on tbe introduction of the bubble of oxygen. 
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and thesngar of the grape juice, produces alcohol and corbome 
acid, or, in other words, excites and continues fermentatiiHi. 
Yeasty particles are evolved end float in the liquid. If a 
Botuiion of pure sugar be added, it is involved in the change, 
and ponion aAer portion will di:« appear, but finally the yeast 
ilsolf is exhausted, and Ilien any excess of sugar reraajns 
unacted upon. 

The frrmntU, or bodies which cause fermentation, are all 
nitrogenised bodies, siuce non-nitrogonized substances ner^r 
epontaneously ferment. The prmeijile of fermentation is con- 
sidered to be a molecular disturbance, propagated btita a 
body already in a state of decomposition, or a fermenL The 
complex organic body under these circumstances breaks up 
into inorganic bodies, and organic bodies of a cotnposiiioii 
more simple, and, consequently, possessing greater perma- 

AIl sweet substances pass epoTitaneously into fermentation 
without the necessity of adding to them a ferroenr, because 
they contain hesides sugar, one of the nitrogenized substan- 
ces, albumen, caaeine, or gluten (408 and 410.) Thus from 
currants, goosebciries, lieets, and grapes, wine is prepared, 
cider from apples, &c, 

New beer holds some sugar and gluten in solution, there- 
fore, like wine and cider, it undergoes, when kept, a second 
slight fermentation. If this is allowed to take place in well 
stopped bottles, so that the carbonic acid cannot escape, a 
foaming beer (bottled beer] is obtained. In tlie same way 
bottled cider and champagne ore made. 

368. The circumstances which promote the vinous fermen- 
tation, are the following: — (1.) The prcienee of the prepfr 
quantity of active ycaat. I£ in the course of a slack fer- 
mentation the yeast subsides to the bottom, the fermentation 
ceases, but may be excited anew by stirring up the ingredi- 
ents. (3.) A certain degree of warmth. This should not be 
less than 51° nor more than SG°. The lemperatuve of 68" 
tp 77'^ is the most favorable to the commencement and pro- 
gress of the fermentation. Other circumstances being the 
same, the rapidity of the fermentation is proportional to tbe 
temperature within ceitain limits, so that by chanpng the 
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temperature, the action may be altered at pleasure. (3.) The 
fermentation proceedB the better anit more equally the great- 
er the m-aat of Jermentijtg liquor, probably on accou&t of ibe 
uniformly high temperature, aa well aa the unifurm diatribu- 
tion of the active particlea of yeast, by tbe greater eoeigy 
of the movementaof the liquid. (4.) The pretence of water. 
When the saccliarine solution is too much concentrated it 
does not ferment. Hence, very sweet musts furnish wines 
containiug much undecom posed sugar. For a complete fer- 
mentative action, one port of sugar should be dissolved in 
ten parts of water, 

369. Permeniation may he tempered or stopped : — (1.) 
Bif lliose fneani lehich render the yeast inoperative. This 
effect is produced particularly by oils that contain sulphur, 
as oil of mustard. It is produced also by sulphuric and sul- 
phurous acids. (2.) Bij Cke separation of the yeast. This 
may be done by filtration or subsidence. (3.) By lowering 
the temperature to about i5°. 

360. Pure alcohol is a colorless liquid, of pungent and 
agreeable taste and odor. At 60° its sp, gr. ia 0'794 ; that 
of ila vapor 1'613. When alcohol is obtained from sugar, 
carbonic acid eEcapos, carrying off a portion of the carbon 
uid oxygen of the sugar. Alcohol, therefore, contains less 
carbon and oxygen than sugar, and consequently more hy- 
drogen. To thia ia owing its ligblnesa, its great inflamma- 
bility, and its pale-bluish flame. This flame is free from 
smoke, and the products of its combustion are cnrbonic acid 
anil water. Alcohol boils at 173°, and at a. still lower point 
if slightly diluted with water, though the boiling point rises 
if the water be in greater proportion. It has never been 
frozen. Even at a cold of— 148° it remains fluid. It is, 
therefore, excellently adapted for thermometers, by which 
great degrees of cold are to be measured. It is also used 
in tbe gas pipes of cities to prevent the freezing of the wa- 
ter which settles in them. The illuminating gaa ia made to 
pass through alcohol, by which not only is most of the steam 
withdrawn from the gas, but so much vapor of alcohol is also 
added to what remains, that the condensed liquid of alcohol 
and water in tbe gas-pipes does not freeze in winter. The 
specific gravity of alcohol varies with the amount of water 
preaent ; hence its purity may be determined by asceriaining 
its density. Itismiscible with water in all proportions, and 
has even a great attraction for it, absorbing its vapor from 
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the ur, and abstracting the moisture from membra 

Dtlier aimilar Bubatances immersed in it. __^_ 

Tbe flame of alcohol is of great use ia chemical iaveBtlt 
gations, aa it deposits no rarbon or any other foreign sub- 
uance on bodies exposed to its heat. Its solvent powers are 
also of great use, and it is employed to disaolveresins.oiK and 
Dtber bodies not acted on by water. Wine, beer, &c^ owe 
ihevt intoxicating properties to the alcohol which they con- 
taia, the quantity of which in those liquors varies very tnucb. 
Fort and sherry, and some other strong wines, contain fntm 
19 to 25 per cent, of alcohol, while in the lighter wtaes of . 
France and Germany, it sometimea falls as low as 12 per 
cant. Beer, porter, ficc, contain from 5 to 10 per cent. 

361. BroMdy is a constituent of all liquors containing alco- 
liol, and, by itaeliC it ia a mixture of of alcohol and water. If 
a little port wine, for example, be distilled at a moderate 
heat, brandy will bo distilled over separate &om the other 
constituenta of the wine, and, by subsequent distillation at a 
still lower heat, the alcohol of the brandy may be separated 
from its water. It is, therefore, like alcohol, colorless in its 
pure state. Its ordinary yellow or red color ia obtained 
from the coloring matter of the new oaken casks in which it 
is kept. A little burnt sugar is sometimes added to improve 
its tint, or to give it the deaired color when it does not acquirs 
a tint from tlie cask in which it is kept. 

Each variety of alcohol has an aroma characterialic of the 
substance from which it was obtained, whether it be grapes, 
cherries, augar cane, rice, corn, or potatoes. Even that from 
different growths of the vine may be distinguished. 

363. Rum ia distilled from the sugar cane. Afler most 
of the juice has been pressed out for making sugar, what 
Btill remains in the bruised cane is extracted by water, and 
this watery solution of sugar ia fermented and produces rum. 
Both the fermenting and the flavoring principle reaide chief- 



ly in the fresh cane-Juice, for they are dissipated to a great 
extent by boiling the sirup. Spirita distilled from West In- 
dia molasses are perfectly free from any flavor of rum. Rum 
is yielded in very large quantities even from the uuuA of the 
cane, owing to the ijreat amount of sugar which it containa. 
36a. Gin is distilled from rye. To evei7 100 gallons of 
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the liquor thus formed, twopfiunds of juniper berries, ft 
three to five years old, aro added, to whicb is owing tlie p»* 
culiar flavor of gio. About one-quarter pound of salt is 
added at the sBuie time, and tlie whole is put into a still, and 
the spirit distilled over by a gentle and well regulated heat. 

364. Cidrr is best obtained from bitter apples, which 
afford a denser juice, richer in sugar, which clarifies well, 
and when fermenled keeps a long time. The juice of sweet 
apples is difficult to clarify, and that of sour apples makes 
bad cider. Late apples are in general preferred. After 
these are gathered, they sre kept for about fifteen days to 
bGcome mellow, which diminishes their mucilage, and de- 
velops alcohol and carbonic acid. The fruit should bo gath- 
ered in dry weather. Much water is contained in the juice 
of apples. There is also found a little sugar analogous to 
tlht of the grape, a matter capable of causing fermentation 
% contact with the air, a pretty large proportion of mucilj 

he, with malic and acetic acids. 



SECT. I. — 4. CONVERSION o 



^,&6S. When an ounce of alcohol is mbied with 

tnlity of sulphuric acid, the latter takes from the alcohol 
[. of water, and the alcohol is conveited into ether 






uHoOa= alcohol. 

O^HaO=ETHEB. 

HOtJwater'" 



tr^ther, when pure, is a colorless transparent liquid, of 
^toculiar taste and odor. Its specific gravity at 00° is abont 
0-7SO. It boils at OCi". At 46° below zero it freezes, and 
dioots into crystals. When dropped on iho hand it occa- 
sioua a sharp sensation of cold, from its rapid evaporation. 
It i« more combustible, and burns with the evolution of more 
light than alcohol. It is exceedingly volatile, and the miK- 
tuTB of its vapor with tho air is highly explosJi'c. For this 
reason bottles containing ether should never be opened near 
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L.> fiftiae, as the mbcod air and ether vapor v 

W.9\odo ■nd blow up llie boltle. Tiie sa ._ 

should be observeil with regard to Bicohol, aad the < 

pouads of alcohol and turpentiae (burning- fluid, apirit-gas, 

diemtcal oil, ice] When ether vapor is mixed with oxygen 

^ and fired, it explodes with the utmoec violence. When kepi 

Kin an imperfectly stopped Teasel, ether becomes acid, produ- 

Fcing acetic acid by abaorbieg oxygen from the air. This 

rsttractton for oxygen is increased by elevation of lempers- 

'* ture. Ether ismiacihle with alcohol in all proportions, but 

not with water. It dissolves only to a small extent Inwaujr 

(10 of water to 1 of ether,) and may be separated &0&1 

Blcobol by the addition of water, in this manner commer- 

Icial ether may be examined. The solvent powers of etlier 
are much less than those of alcohol or water. It is, hoW' 
ever, of considerable use in organic chemistry in disoulving 
' many oils and fatty substances. It also dissolves pbi>sphocuB 
to a small extent, and a few saline compounds, and some 
organic principles. 



I 3G6. Among the products obtained when wood is sub- 
I jected to dry distillation, are; (1.) ChaiToal, which remains 
behind after the volatile poriions are diiven off; (2.) A mix- 
ture of carhuretted hydrogen, carbonic acid, and carbonic 
oxide gasea, which arc always produced in the manufacture 
of iUitmmataig gat; (3.) Wood-vinegar, or pyroHgneous 
acid ; (4.) Wood-tar, a thick brown resinous liquid. Of 
these products, charcoal and illuminating gas have been 
already considered ; wood-vinegar and wood-tar alone re- 
turn to bo described. 

307. Wood-vinegar, pyroligneirus add. One pound of diy 
I beech wood yields iiearly half a pound of pyroligneons 
1 Bcid. It its crude state it has a brownish black color, omog 
P to ihe tar which it holds in solution, and a smoky odor, tO' 
gether with a very acid and disagreeable flavor. When 
purified ii furnishes a strong acetic acid, which on account 
of its cheapness, ia now much used in the preparation of 
acetates, particularly such as are employed in calico print- 
ing, and in dyeing. It possesses powei-ful antiseptic prop- 
F ertics. Fresh beef dipped in pyroligneous acid In the eum- 
I mer season, for the space of only a minute, was perfectly 
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ihe following spring. Fish were preserved by 
Ef sprinkled with salt, then drained end immersed ia 
|>yro]igneouB acid for a few aeconda. The ssmc effect ia 
produced by soaking these subsrences in pyroligneous acid 
for a short lime as by suspending them for moniEs in etnoke. 
Wood-vinegar owes its antiseptic properties to a pecu- 
"" substance called crfoao^e; one pound of vrood- vinegar 
sins s quarter of an ounce of creo^ioto in solution, 
'are creosote ia a colorless oleaginous liqnid, gradually be- 
*Boming brown by age, and of on oily consistence. It has a 
strong smell of smoke, and a. burning taste, which disor' 
ganizes the tender skin of the tongue or the mouth. When 
taken internally it is a powerful puison. When applied for 
the toothache it is usually mixed with oil of cloves, and also 
with alcohol, olberwiae its action would be too corrosive. 
No antidote is known to the poisonous effecis of creosote, 
but its presence ia easily detected after death by its peculiar 
Knd penetrating smell. 

368. CMoi-oJorm, CjHCI,. When pyroligneous acid is 
very slowly dialilled, a spirituous volatile liquid, very similar 
to brandy, first passes over, which ia called pyroseiiic, or 
vood-tpirit. Chloroforni is obtained by distilling wood-spirit 
with chloride of lime. It is a limpid, colorless liquid, vola- 
ftte, and having a bland ethereal odor, and a hot, aromatic, 
sweet taste. Its density is 1'5!)9, and it boils at 141°. It is 
nearly insoluble in water, and ia not affected by concentrated 
sulphuric acid, but dissolves readily in alcohol and ether. 
It 18 lighted wdih difficulty, and burns with a green flame. 
Chloroform has extensive solvent powers, being capable of 
dissolving caoutchouc, gutta percha, lac, amber, and. copal, 
substances which resist most other solvents. It also dissolves 
iodine, bromine, the organic alkalies, volatile oils, resins, wax, 
■nd fats. The principal use of chloroform is in medicine, 
where it is used both externally and internally. It is most 
Commonly intake J, when it produces a loss orconscinusnesB, 
especially a total insensibility to the agents which ordinarily 
produce acute pain. This insensibility is generally pro- 
duced in one or two minutes, and continues fur five or ten 
minutes ; but the effect may be kept up for many hours, by 
'■''■''■ " ■ ' le. The I 



ing the inhalation from time to time. 
chloroform is followed by a drowsy state, or by quiet sleep. 
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) recollection ia retained of anylhtn^ timt r. 
g the HtDie of ineensibility. Bromine and iodin»A 
I analogous compounds, bromijbrm, C^HBr, atid wdo- 
«CaHl,. 

Wood-iar U of a resinous nature, being, like die 
1, ineoliiblo in water, tliough soluble in alcohol. It is 
very rich in carbon, as ]», in some degree, indicated by its 
Uack color. On distillation it separates into a volatile ml 
(oil of tar,) and a black pitch, wbicb is nut volatile,* When 
Bhips are calked or tarred, the tar undergoes a similar 
cliange, the oil vulatilizca, and the pitch hardening in tfae 
pores of the wood, prcTcnla the petietmlion of water. The 
wood is kept dry by Uiis proceas, and, iberefure, is lew 
liable lo decay. It b also preserved by the creosote which 
the tar contains. 

SECT. I. 6. C0NTERSlOI« OF TEOETABLB TISBVB INTO HUIIVS. 



L • 370, A »oU may be considered as a magazine of inor- 
[ ganic matters, which are prepared by the plant to suit the 
"'purposes of its nutrition. Some soils, as those of new and 
alluvial countries, contain vegclahh matter in large propor- 
tion, and aa these have been found eminently adapted Ibr 
the cultivation of most plants, their fertility has been as- 
cribed to this organic matter in a stale of decay. To this 
'matter the term vegelahle mould, or httmuf, has been ap- 
|*plied. The chemical process which takes place in the de- 
l*'cay of vegetable tissue, very much re»emblea those changes 
■ which wood undergoes in combustion, except that it takes 
place far more slowly. What is effected in combustion In 
minutes, is produced by decay only in the course of years. 
In combustion the constituents of the wood, by uniting with 
iho oxygen of theajr, are converted into carbonic acid and 
I water. The same products are also formed in the decay of 
I wood. In combustion, as well as in decay, the wood aa- 
, sutnes a darker color, because, in both cases the hydrogen is 
oxidized more rapidly than the carbon, and the carbon 
which remains covers the burnt or decayed surface with firat 
& brown and then a black color. 

Flants grow more vigorously b a soil abounding in humus, 
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bacauoe they fiiid ihere carbouic acid and water, which aro 
tho products of the decompoHitiuu of vegetable mould, aud 
which are iudispensable to their growth. Humud exerts 
also a beneficial action upon vegetation, because it posBessea 
the power of attracting motature from tbe air, and of re- 
tainiog (t for a long tinie ; and because, by means of the 
acids contained in it, it is able lo abstract from the air, and 
also from mauuie, the third means of nutrition for plants 



Ab injurious effect is however produced, when there is 
more than 50 per cent, of organic matter in the aoil. In 
tfab case it becomes what is called amtr, aitd produces 
nothing but jKior wiry grass. In boggy and peaty soils the 
proportion is sometimes as high as 70 per cent. In such 
lands certain organic acids are generated, which are very 
injurious to plants. On the other hai>d, a soil that contains 
l«BB than one-half per ceut. of organic matter, will scarcely 
support vegetation. In the host soils the proportion does 
not average 5 per cent., and rarely exceeds 10 or 13. Oats 
and ije will grow upon land containing only 1 to IJ per 
cent,, barley where 2 or 3 per cent, are present, and good 
wheat soils contain in general from 4 lo 8 per cent. ; if very 
odff and clayey, the proportion rises sometimes as high as 
10 to IS per cent. 

The amount of humus, or decayed vegetable matter, in a 
soil, is not diminished but increased by vegetation, where the 
products t^ vegetation are not removed. Thus tbe leaves 
of forest trees, and other forms of vegetation, whicli are 
nouri^ed chiefly by the carbonic acid of the atmosphere, 
and that conveyed to the plant through the roots with the 
rain-water in which it ia dissolved, add an annual deposit of 
Immus to the soil. The ijuanlity of this, therefore, increases 

Kim year to year, if the ground is not disturbed, 
the chief cause of the fertility of new lands. 
■ 
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371. The vegetable and animal fols agree so closeJy, that 
will be convenient to consider them under one head. Tbe 
igetable fats are usually found in seeds or fruits ; animal fata 
a cellular membrane, called adipose tissue. The leaves 
of many plants are varnished on iheir upper surfaces with a 
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eovering of wax and fat. Plant* of the order cmciTers 
(musCam, radinh. water-ciesa. Ice.,) are especially oil-bear- 
Inij tpocies. Oily bodies are diviiled into volatile and fix- 
ed. The former are capable of being distilled without 
decomposition ; ibe latter are not. When dropped or spread 
. on paper, they all leave a greasy stain, wbicfa oiaappears oo 
E jntplyiug heat, if caused by a volatile oil, but remaina if pni- 
Kiluced by a fixed fatty eub^tsnce. All these bodies have as 
Pattratliou for oxygen, which, in some caseB, is so great as to 
' Occasion spontaneous inflammation. Large massea of cotioD 
tmd flax have taken Urc fmm being moistened with rape or 
lioHeed oil (104.) The effect of this absorption of oxygen 
Jeads to a farther classiBcation of the fixed mis into drying 
Snd non-drying oils, or those which become hani and reslii' 
ous on exposure to the air, and those which ihickeo Hlig1]ily> 
become sour and rancid, but never solidify. To the first 
class belong tbe oils aged in painting, as linseed, rape, poppy- 
seed, and walnut ; aud to the second, oUve and palm oils, 
and all the oih and fats of animal origin. 

372. The fised oils in general have but a feeble odor, and 
BCBTcely any taaie. Whenever an oil posaeHses tasle, it is 
invariably found to contain some volatile oily principle, bs 
that of coRimou butter. All the fixed cnis are inaoluUe in 
water, and, with the exception of castor oil, but slightly 
soluble in alcohol. In ether, and in other essential oils, they 
dissolve in large quantity. The consilience of tbeso substan- 
ces varies from that of the thinnest olive oil to that of com- 
pact suet. This difference proceeds from the variable pro- 
I portion in which the solid aiid fiuid principles are associated 
L|n tlie natural products. Ail these bodies may in fact be 
VMparated by mere mechanical means, and by exposure to 
I'eold, into two or three different substances, which dis- 
l.solve orioix with each other in all proportions. Thus olive 
T ul exposed to a cold of 40°, deposits a large quantity of 
I crystaline solid fat, which may he separated by filtration or 
lire. This is termed ■margarine,* from its pearly aa- 
Ipect. That portion of oil which retains its fiuidity at this, 
1 a greater cold, has received the name of (rfeine, or 
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^me. Slill another fatty principle has been obtained from 
Miii£ iinimal fats, by pi'ossura between the fulda of blotring 
paper. The paper becomes impregriated with a perma- 
nently fluid oil, or oleiiie, while the solid part is fimnd to 
consist cif two aolid fats, one reaemblitig the margarine of 
olive oil. and the other having' a much higlier melting point, 
and other pnipertiea which dialitiguish it from that sub- 
Btancc. This is called ttearme.. 

When ste aria e, margarine, and oleine, are boiled with a 
etroDg Boltiiiiiii iif caustic potash or soda, they generally com- 
bine with these alkalies, and form soap. If acid be added 
to the soap thua formed, the scid takes the alkali and decom- 
poses the soap. The fat which separates is found to have 
completely changed its character, having acquired a strong 
Bcidreaciioa when applied in the melteastaie to test-paper, 
and having }ieciimeE(i!uble with the greatest facility in warm 
alcohol. It is in fact a new substance, a irue acid, capable 
of forming sails. This acid has been generated out of the 
elements of the neutral fat under the influence of the hast. 
Sieaiine, when thus ii-ea'eO, yields stearic add, margarine 
margaric lu^d, oleine oleic acid. Common animal fat gives 
a mixture uf these ihrt-'e acids. Besides these acidn prtidu- 
ced in the process of saponification, a very peculiar sweet 
Bub-itance, called glycerine, remains in the solution alter the 
ticid has been removed. 

373. S/earine and stearic acid. Pure Btearine is moat 

easily obtained by mixing purilicd mutton fat, melted in a 

^Ibss flask, with several times its weight of elher, and suffer- 

u-9itg the whole to cool. Stearine crystalizes out while marga- 

Hhihw and oleine remain in soluiion. The soft, pasty mass, 

^^ta^ then be transferred to a cloth, strongly pressed, and the 

^^Htl portion atill further purified by recryetalization from 

ether. It is a white, friable substance, insoluble in water, 

and neai'ly so in C4ild alrohul. Soiling spirit lakes up a smell 

qiianiiiy, and b'liling ether dissolves it very easily, but when 

cold retains only jjj at its weight ; hence, the process above 

g-iven for otiiainiiiir steaiitie. The melting point of stearine, 

which is one of its most important physical characier, is 

about 143°. 

Stearic acid crystalizes from hot alcohol in milk-while nee- 
dles, which are inodonim, tasteless, and quite insoluble, in 
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water. It ia barder and more brirtle ilian wax, and melts at 
108'^. It diswlTea in its owu weight of cold alcohol, and in 
ftll proportioua at a boiling heat. It is also soluble in ether. 
I AlbaliimcurlHinutes are decomposed by stearic acid. It may 
I bo volatilized in a vacuum without change. Slearine (stearic 
scid) candlea are now manufactured on a large scale. They 
Iiava hecome of late so popular, that large factories have been 
erected for their preparation. The wick of these candles is 
plaited upon a braiding machine, moistened with very dilute 
sulphuric acid, and dried. Wick prepared in this way it 
found to fall ouc side aj it burns, and to consume'emirely 
without requiring to be snufiad. The formata for stearic 
•ddUCoaHfloO,, aHO. 

374. Oieine and ote'tr. acid. It is doubtful whether a per- 
fectly pure oleine has yet been obtained ; the separation of 
tho lust portions of margaiinc, with which it isalw.aysassocia- 
teJ, is extremely difficult. Any fluid oil, animal or vegeta- 
ble, which has been carefully decnlorized, and tillered at a 
temperature approaching the freezing point of water, may 
l>e taken as a repreaeni alive of this substance. 

Oleic acid in its external appearance is hardly to he dia- 
tinguished from olive oil, but it differs from this oil in baTing 
an acid tasie and reaction, and in readily dissolving in cold 
alcohnh The oleic acid produced in Eiearic acid factories 
from tallow, as a secondary product, la frequently an artiole 
^ . t>f commerce, being employed on account of ita rheapneBsin 
I . the manufacture of soap, and in greasing wool for spinning. 
It nielta at about 39°, and gives rise to a class of sails. The 
formula for oleic acid is CaeHajOa, HO. The following 
table contains the propoitiona of oleiiie and stearine in somo 
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nuch reaemblea steariue ; it is however more Aisilile, molt- 
iD<; fit 113'^, and very much more soluble in cold eilier. 
Margaric add closely resembles stearic acid ; it differs in its 
composition, has & lower melting point (about 140"), and is 
more soluble in spirit. Its composition is CjiHjjOa, HO. 

376. Biilyrine and butyric add. Common butter consists 
chiefly of a solid, crystalizable, and easily fusible fat, a fluid, 
oily substance, and a yellow coloring matter, besides mechan- 
ical impurities as cast'ine (409.) The oily part appears to 
be a mixture of oleine and a peculiar odonferous principle, 
called buCyrine, not yet isolated, which by saponification 
yields three distinct volatile acids, the butyric, the capric, and 
the caproie. These acids are easily separable by the unequtd 
solubility of their baryta salts, Caprylie and vaccinic are 
the names of two other acids also found inbutyrine. Buty- 
ric acid is a colorless, oily liquid of a sour taste, and on odor 
xesembling old and rancid butter, in which it is probably 

, It has a density of 0-963, dissolves in all propor- 

water, acids, alcohol, ether, and oils, and readily dis- 

^ without decomposition. Capric and caproie acids great- 

xeeemble butyric in properties, but are less soluble in 

water. 

377. Wax. Common bees-wax, freed from its yeltoiv col- 
oring matter by bleaching (p. 40), may be separated by boil- 
ing alcohol into three different principles, r.erine, merycine, 
and ceroUne, Ceriue is a white, crystaline substance, soluble 
in about 16 parts of boiling spirit, and melting at 172°. This 
is more abundant than the other two principles, Merycine 
is much less soluble in alcohol, and melts at 162°, 

Wax occurs in sniall quantities in all plants, especially in 
the shining coating of the leaves, stalk, and fruits. It is very 
apparent in the skin of apples, and the pollen of flowers. 
Some plants of Japan and South America contain large 
quantities of wax, and fi-om these it \s extracted by boiling 
and pressure. This is found in commerce under the name 
of Jafan wax. The wax myrtle grows in almost all parts 
of the United States. The beriies of this plant, which grow 
in clusters closely attached to the stems and branches, are 
covered with a coating of wax. These are boiled in water, and 

tnarfiriF aeiil. 
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the wax melting and floating on the surface, b either slciin- 
med ufT an^ strained, or allowed to concrete as the liquor 
oools, and removed in the solid stale. To render it pure, it 
ia again melted and strained, and then cast into large cakes. 
It is collected In New Jcrecy. but more abundantly in New 
England, pnrticularly Rhode Island, whence it ia exported 
to other parts uf the country. 

378. Cttinf-, tpt-rmaceli, is obtained from the bead of the 
epermaceli whale. The soft, eulid matter found here is sub- 
jected to pressure, by which it ia separated into a fluid oil, 
and a cryataline, brownish substance. The latter when pu- 
rified, becomes the snow-white spermaceti of commerce. It 
melts at 120°, and, when cooled under favorable circumstan- 
ces, forms distinct crystals. Boiling alcohol dissolves it in 
small quantity, and ether in much larger proportion. Cetioe 
is Bpponilied with great difficulty. Two products are ob- 
tained, ethal and ethalie acid. The first i^ a cryatalizable 
fat, whose melting point is nearly the same aa that of the 
spermaceti itself, but its solubility in alcohol is much greater. 
It is readily sublimed without decomposition. Eihalic acid 
resembles in many respects margaric acid. Cetine is coin- 
poBod of CjjHjjOj. 

Common oil contains a little mucilage, which it is extreme- 
ly difficult to separate. This in hunting, being a bad com- 
bustible, gathei-s around the wick and dims the light, render- 
ing it necessary to trim all kinds of lamps more or less fre- 
quently. The purpose served by the wick of a lamp ia, not 
merely to draw up the fluid, but to raise the temperature of 
the oil to that ot combustion. In the coarser oils ur fax*, 
this elevation of temperature is not sufficient to consume 
them entirely, and hence, as in tallow candles, the soot isde- 

fiosited on the wick. Wax is a better combustible than lal- 
ow, and, therefore, it bunia with a smaller wick, so that the 
little forei^ matter which gathers on the wick, weighs it 
down till It falls off together with the burnt part of the 

Fat forms about j'j part of the weight of a healthy animal. 
It varies in consistence, color, and smell, according to the 
animals from which it is obtained. It is generally found flae- 
_!j 1. _ tribes, soft, and rank-flavored in the car- 
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379. The odors of plants are due to the gradual evapi 
tion of volatile oils, which are someiimeB exceedingly 
fused or diluted. Thus one hundred pounds of fresi 
or orango blossoms, contain scari:ely a quarter of an 
of the fragrant oil. These oils soisetimes pervade the whole 
plant, and sometimes are confined to a single part. In some 
uistances they are contained in distinct cellules, and in oth- 
ers formed upon the surface, as in many flowers, and exha- 
led as soon as they are formed. Occasionally two or mora 
are formed in different parts of the samn plant. Thus the 
orange tree produces one volatile oil in its leaves, another in 
its flowers, and a third in the peel of its fruit. In a few in- 
stances, when existing in distinct cellules, they may be ob- 
tained by pressure, as from the peel of the lemon and the 
oraiige, but they are generally procured by distillation with 

Their boiling points are always higher than 813°, but at 
this tempcTatuie their vapor is so dense, that when carried 
over and condensed with the steam, a milky, or turbid liquid 
is obtained, which gradually separates into oil and water. 

Sometimes the oil is heavier than water, and sinks to the 
bottom, and sometimes the reverse happens. A few are 
eolid at the ordinary temperature, several become so at 32°, 
and many remain liquid considerably below this point- Heat- 
ed in the air, the volatile oils take fire, and bum with a bright 
flame, attended with much smoke. Exposed at ordinary 
temperatures to the air, they absorb oxygen, assume a deeper 
color, and become thicker and less odorous- They are in 
this way ultimately converted into resin. This change takes 
place most rapidly under the influence of light. 

Wlieu pure, the volatile oils are colorless, but they are, 
usually, yellowish and sometimes brown, red, green, and 
even blue, from the presence of impurities. They have a 
Btrong odor, resemblmg tbat of the plants from which ihe^ 
were procured, though generally less agreeable. Thf"^ 
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tute M ]>uii^nl anJ bui-niDg;. Xbey mix in all proportions 
with fat oils, and diiisolve Ireely in both etber and aJcolioL 
From Klcohol they are precipitated by the addition of water. 
They resist saponificatinti completely. Any fixed nil with 
w^iicb they may be adulterated, may be detected by putting 
a drop on paper. The grease spot will disappear, if the vol- 
atile oil is pare, on wamiing the paper, but if fixed nil he 
present the spot will remain. The volatile oils are very 
■Kghlly soluble in water. When agitated witb watm- ihey 
render it milky, and when iliey separate on standing the 
water still retuiu ibeir odor arid lasle. This effect ta pro- 
duced in the highest devree when the oils or the plants ftwa 
which they are obtained are distilled with water. 

Like the fixed oils, the volatile oils consist of distinct prin- 
ciples, which are congealed at different temperatures, and 
may be separated by compressing the frozen oil between the 
frtlJi of bibulous paper. The solid matter remains, within 
the folds, and the fluid is sbsorbed by the paper from which 
it may be separated by distillation with water. Ths eolid 
portion is called ittarvpten, and the liquid daojttcnc. The 
former often crystalizes out of certain volatile oils on stand- 
ing. It differs in almost every ca^e. The volatile oils are 
exceedingly numerous ; some of the n 
ranged beneath in groups according to their c 

1. Volatile oils containing carbon and hydrogen : 

Turpentine, ] Storax. 

Citron, Bergamotte, 

Copaiva, I Cubebs, &o. 

2. Volatile oils containing carbon, hydrogen. 

Bitter almonds, 

Cajeput, 

Lavender, 

Rosemary, 

Peppermint, 

3. Volatile oils containing sulphur : 

Black mustard, I Oninns, 

Horse radish, Asafcetida. 



Pennyroyal, 
Valerian, 
Spearmint, 
Camphor, &«, 



380. Class I. OU of turpentin 
as a representative of this class. 



:, CjoHig, may bo ta&iia 
It is obtained by distilltng 



a pnnsi^lekda valuila i 



erttde larpcntine, which exiides from various ptriea and furs, 
or flows from wounds made for the purpose in the wood. 
This is now obtained chiefly from the woods of Norlli Car- 
clina and Virginia. During the winter months excavationa 
tof the capacity of about three pinis are made in the trunk 
of the tree, three or four inches from the ground. Into 
these the juice begins to flow about tlie middle of March, 
and continues to flow throughout the warm season, slowly 
HI first, rapidly in the middle of summer, and more slowly 
s^ti in the autumnal months. The liquid is removed from 
theee excavations as they fill, and transferred into casks, 
where il gradually thickens, and uhimately acquires a soft 
Boiid consistence. Very large quantities are thus annually 
produced, sufficient not only to supply the whole consump- 
tion of this country, but also to furnish a valuable export. 

When this crude turpentine is distilled, the solid product 
left behind is common resin. When pure, oil of tuipentino 
ia perfectly limpid and colorless, of a strong, penetrating, 
peculiar odor, and a hot, pungent, bitterish taste, Its deii' 
rity, in the liquid state, is 0-SG5, and that of its vapor 4-764. 
It boils at 31S°. Strong sulphuric acid chars and blackens 
this substance, and concentrated nitric acid and cblorine 
anack it with such violence, that inflammaiion s 



With hydrochloric acid oil of turpentine foims a 
compound, which has been called artificial camphor, from 
its resemblance to that substance in odor and appearance. 
It is prepared by passing hydrochloric acid gas into the 
pure oil, cooled by a freezing mixture. After some lime a 
white crystaline substance separates, which may be purified 
by solution in alcohol. The dark acid liquid from wliich the 
precipitate is separated, contains a similar but fluid com- 
pound. Different specimens of the oil of turpentine yield 
very variable quanmies of these substances, which may per- 
haps arise from ihe existence of tiro very similai- and iso- 
meric oils in the ordinary article. 

Oil of turpentine is very largely used in painting, and as 
a solvent for resins in making varnishes. These are made by 
dbsolving resin in one of the volatile oils, generally turpen- 
tine, or in alcohol. As tho varnish dries the turpeniine 
evaporates, and the resin remains behind, and forms a hard 
coating, impervious to water. On account of its insolubility 
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381. Close II. The easential oileof this class are verynn- 
aiei^>UB. Two of the most imporiant of tbese are ihc oil of 
teter almonds, atid that of cinnamon. 
Otl of bxfler almomU ie prepared in large cjuaotitieB by 
distilling with water the paste of bittor almonds, from wbicii 
the fixed oil has been expressed. It did not pre-txttt in llie 
Blmonds, being entirely wanting intbe fat oil wbich ia express- 
ed from the fruit, but it is formed witliin the seed during the 
process of distillation. It may be purified by disttllation 
with protochlorido of iron and with hydrate of lime in excess. 
It is a colorless liquid of an agreeable odor, somewhat heav- 
ier than water. In water it is but slightly soluble, though 
very soluble in alcohol and ether. It boils at 3S6°. Pore 
bitter almond oil is probably not poisonous, but tbe common 
oil used to flavor puddings, custards. Ice., often contains prus- 
sic auid (388), and ts, therefore, highly dangerous. Its com- 
pctaitionia C,,H«Oj. 

Oil of cinnamoK is prepared from cinnamon of the best 
quality. This is crushed, infused twelve hours in a saturated 
solution of commou salt, and tbe whole subjected to a rapid 
distillation ; water passes overmilky with essential oil, trluch 
after a lime separates. It is collected and left for a short 
time in contact with chloride of calcium, to remove com- 
pleiely the water. This oil is heavier than water and sinks 
to tbe bottom of ibe receiver in which the distilled products- 
have been collected. Its composition ia CibHbOj. Itis a 
fragTBnt and costly perfume. 

Camphor is a solid oil or fat of ibis class. Like the other 
volatile oils it is vaporizable without change at a moderate 
heat, nearly insoluble in water, and soluble with facility in 
spirit. It is not confined to any one species or even ^enns 
oi plants. Though not an abundant principle, it is widely 
diffused. It comes chiefly from Japan, where it ia obtaiuea 
from the wood of the laurus camphora, or camphor tree, by dis- 
tillation with water in large iron pots, with earthen caps stuffed 
with straw. The camphor sublimes and concretes upon tbe 
straw- Small quantities have also been distilled from thyme, 
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I, and other aromatic plants. It is deposited in consid- 
'e quantities by some volatile oiis after long standing, 
mphor possesses a very singular reaction with water and 
with the other volatile oils. If a small piece be placed on 
the surface of a basin of pure water, it will immeJiaiely be- 
gin to move round with great rapidity, but a single drop of 
any odoriferous liquid poured into the basin, wm instantly 
atop this motion. Camphor contains CaoH, aO,. 

382, Class in. Oil nf black mustard is obtained by distilla- 
lion from black mustard seeil, or the unripe grains or coms 
of pepper. The volatile oil does not pre-exist in the seed, 
but is tormed during the distillation. When pure, the dis- 
tilled oil is colorless, and has a most powerful and suffocating 
smell, and a density of 1-015. It boila at 289°. Water dis- 
solves it in small quantity, and alcohol and ether very freely. 
The oil itself, at a higher temperature, dissolves both sul- 
phur and phosphorus, and deposits them in a crystaline form 
on coohng. It ia oxidized with violence by nitric acid and 
by anua-regia. Alkalies decompose it by the aid of heat. 
Mustard oU contains CbHjNS,. 



383. Common resin or colophony, furnishes, perhaps, the 
best example of tbis class. It contains three bodies having 
acid properties, called pirtic, syhic, and pinarie acids. Pure 
eyivic acid crysializea in small, colorless, rhombic prisms, 
insoluble in water, soluble in strong and hot alcohol, in vol- 
atile oils, and in ether. It melts when heated, but cannot be 
distilled without decomposition. The properties of pinic 
acid are similar. Both these have the same compoaitloni 
CioHjnO*- Pinarie acid is also isomeric with the prece- 
ding acids. 

White resin is the residue which remains from the evapo- 
ration of turpentine. In this process two different operations 
are going on at once ; a part of the volatile oil oflbe turpen- 
tine evaporates, and occasions the peculiar smell of the pine 
forests, but another part attracts oxygen from the aii*, and is 

384. Lac is a substance very similar to wax in Lhe manner 
of its formation; it is the product of an insect which collects its 
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^gredicnts {rom fiowers. It is formed inlo cells, fabricBtcd 
with aa mucli skill aa those of the honey comb, but diS'erently 
•JTsnged. It is a very valuable resin, much harder than colo- 
phony, &ud easily soluble in alcohol. Lac is used in varoi^ieA 
uid in the manufacture of hats, and veiy largely in the nrep' 
sration of sealing wax, of which it forma the chief ingredient. 
Crude lac contains a red dye, which is partly soluble in wa- 
ter. A hot suluiion of borax dissolvea lac in considerable 
quantity. By rubbing India ink in this solution, a lahd atk 
may be formed, which will be unaffected by acid t^ois, 
Vid, when once dry, becomes nearly insoluble in water, 

385. CaoHlehauc, India mhber, is a milk white juice which 
«xa<les from eovcral large trees of South America and the 
£ast Indiea. "Yhe jicv» elastwm or l\iG caoutchouc tree of 
Assam, is larger than any other tree in the extensive forest 
where it abounds, and may be distinguished from the other 
tiees At a distance of several miles, by its dense, huge, and 
lofty crown of foliage. The main trunk of one which waa 
carefully measured, was found to have a circumference of no 
less than 74 feet, and, as this tree is one of the banyan fanv- 
ily, the girth of the main trunk, with the supports immedi- 
ately around it, was 1^0 feet. The area covered by the ex- 
Eonded branches, had a circumference of 610 feet. The 
eight of the central tree waa 100 feet. Of these trees it is 
estimated that there are no less than 43,340, within a length 
of 30 miles, and breadth of 8 miles of forest, near Feroze- 
poor in Assam. Though the geographical range of this tree 
;n Assam is confined to a few degrees of latitude, it occurs 
fon tlie slopes of bills, up to an elevation of probably 22,500 
feet. Incisions are made in the tree through the bark to the 
wood, all around the trunk, and also the large brancbea up 
to the very top of the tree, the quantity which esudes increas- 
ing with the height of the incision. The Juice is better when 
drawn from old than from young trees, and richer in the cold 
season than in the hot. It may be safely extracted once 
every fortnight, but the bleeding is generally confined to the 
cold months, in order not to obstruct the vigorous vegetation 
r>f the tree ia the hot months. About 4G lbs., or somewhat 
more, is reckoned as the average product of each bleeding 
of one tree, or 1,978,000 Ibs.for 43,000 trees. Thisjuiceis 
composed of about half caoutchouc and half water. As it 
tiickles from the incisions, it is collected in clay moulds of 
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biota forms. A layer adheres to ihe clay, and dries nn 
' it, Btid several layers are successively added. When suffi- 
cient thickness has been obtained, the mould ia broken up, 
and Bhaken out of the solid caoutchouc. In this cciuntiy, 
and in England, it ia cut up, and manufactured into a great 
variety of articles. Its dark color is produced by teiiig 
smoked. It is softened but not dissolved in boiling water, 
and is also tnaoluble in alcohol. In pure ether, rectified na- 
tive naptha, and petroleum (coal tar), it disgolves, and ia left 
unchanged on the evaporation of the solvent. Hence, in 
making India-rubber cloth, two surfaces of cloth are centent- 
ed together with a varnish made of caoutchouc dissolved in 
one of these liquids, and this forms a compound impervioui 
to air and water. The caoutchouc ia also somelimea dissolve 
ed in oil of turpentine, which forms a viscid adhesive mass, 
drying but imperfectly. At a temperature a little above the 
boiling point of water, caoutchouc melts, but never after- 
wards returns to the firmer elastic state. Few chemical 
agents affect this substance ; hence its great use in the prac- 
tical operations of chemistry. Bags of it soaked in ether 
until they become gelatinous, may be distended by blowing 
M a very great size, and thus become useful for a great va- 
riety of purposes. When caoutchouc thread ia used in the 
loom, it IB necessary that its elasticity should be removed un- 
til it is woven, and then restored. The thread is rendered 
inelastic and finer by the same process. It is first soaked in 
a tub of cold water, and then softened in hot water, and 
finally wound upon a reel turned quickly, while the opera* 
tor stretches the caoutchouc with his hand, so that its length 
is increased 8 or 10 times. The reels when tlius filled, are 
placed during some days in a cold apartment, where the 
thread becomes firm. This process renders the threads ine- 
lastic, hut their elasticity when woven is easily restored by 
passing a hot smoothing iron over the tissue laid upon a table 
covered with blanket stuff. Ropea are sometimes made of 
the strongest of these threads braided with hemp. These 
ropes poBseas, after their elasticity is restored, a strength 
double that of cordage of like diameter. 

For the method of uniting sheet India-rubber, see Appen- 
dix, under the head of " chemical processes." 

Threads of caoutchouc are readily united by paring the 
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end> obliquely wiib scissors, and llien pree^D^ Iheni together, 
taking care to adiuit no grease or moiutare within tlie bae of 

^uncliun. 

' 386, GtUta percha is prwlijced from seTeral trees in ihe 

Bst Indies, especially from the tree called ffrtha, found in 

ihe i&land of Singapore, and the countries adjacent. Tbb 
tree is of considerable magnilude, with a trunk coxDinoDlf 
tliree feet, and sometimee as much as six feet in diameter. 
Tho natives procure the gntla pcrcha hy the very wasteful 
mode of cutting down the tree, stripping off the bark, and 
then collecting the milky juice. Twenty or thirty pounds 
are ilius collected from each tree. A much greater quantity 
would probably be obtained by simply tapping the tree, and 
thus preserving it for a future supply. This juice, like 
caoutchouc, coagulates on exposure to the ur, and has the 
advantage over the latter substance, that, though quite hard 
when cold, it becomes soft and plastic by moderate healing. 
Gutta percha has a dull white or whiiiah color, and a feeble 
odor. It ia tasteless, hard, almost homy at ordinary lempe- 
ntures, somewhat flexible in thin pieces, and very tenacions. 
At about 120° it becomes softer and more flexible j at 150° 
or 160° it is soft, very plastic, and capable of being -welded 
and moulded into any form. In the softened stale, which 
may be produced by hot water or by dry heat, it is readily 
cut with a knife, though with some difliculty when cold. 

' Exposed to a heat of 330°, it loses a portion of water, and 
cm hardening becomes translucent and gray ; but it recOYers 
its original properties if immersed in water. Heated in an 

' open vessel it melts, foams up, and takes Are, burning with a 
brilliant flame and with smoke. 

By different processes guita percha is made elastic like 
caoutchouc, hard like marble, and fit to spread on clolb, 
thick or thin. A table slab has been made of it, and long 
used without iinury, having the external qualities of pol- 
ished marble. Utensils of various kinds, medallic sad otber 
ornamental impressions, casts, sheets, bands, cords, tubfS, 
&c., may he made of it with great facility. It baa also 
been introduced into surgery, in order to preserve limba 
and joints in fixed positions. For this purpose gutta percha 
bands are prepared, two or three inches broad and -j^ of an 
inch thick, which are first softened in warm water, and then 
applied to the limb. These bands soon harden, and tbnn 8 
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nse fi>r the Umb. If a solution of mittaporcha in biaul- 
It of carbon in spread over a wound, the liquid will soon 
evaporate, and the gulla percha hardening will form a pro- 
tection to the wounded part. One of the moat important of 
"the uses of gntia percha is in coviiring telegrapb 
^^I^^Bcially where this wire is conveyed under water. 
^^■■pnpoBition and that of caoutchouc are nearly alike : 

I 

387. Cyanogen, CjN, ia prepared by heating cyanide of 
mercury (390.) to redness. This salt is decomposed into 
metaUic mercury, and a colorless, inflammable gas, called 
cyanogen. It lias a pungent and peculiar odor, and bums 
with a beautiful pmple, or peach blossom flame. At the 
lemperaiuvB of 43°, by a pressure of 36 atmospheres, it 
condonnes to a tbin, colorless, transparent liquid. Water ab- 
sorbs 4 or 5 times its volume of tbia gas, and alcohol a much 
larger quantiiy, but the compound thus formed is rapidly 

. decomposed. Its specific gravity is 1-806, lis symbol C^. 
Cyanogen, though a compound, like the organic radicals 
(p. 23S) unites with the elements exaelhj in lite tame manner at 
though it were an element. Though not a simple body in itB 
composition, yet as it ia aimple in all its relations, it may be 

sidered as coming under the third law of aflinily, p. 61, 

8t simple bodies unite only with simple and compound 
b compound Imdies. " In its relations to other bodies, it 
^_ a closely related to the elements chlorine, iodine, bromine, 
, and fluorine, that it ia someiimea classed with these bodies. 
Like these iradies it forms whh hydrogen an acid, hydrocy- 
anic or prustie acid, and like them also it unites with the 
metals forming piniocyanidos and percyanides. 

388. Hydrocyanic or prussie acid, HCy, or H + C^N. 

331. Write Die lyml-ol nf cyanogca. Han ia Ihia gu prpparedl M^nlion 
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Anhydrous pniBSic ac'iil is a thio, colorless, and very vol- 
atile liquid, which exhales a veiy strong oior of pescb 
'bUmotaa. Ita density at i5° is 0-7058. It boila at IS", 
KucJ Bolidifies when cooled to zero. Its reaction b feebly 
teid, and it mixes with water and alcohol in all propor- 
tions. It is one of the most formidable poisons known, and 
oven when largely diluted with water, its efibcia on Uie 
snimul ayateni are exceedingly energetic. It is employed, 
bowever, in medicine in very small doses. Its odor ia eo 
strong aa to produce immediate headache, and its vapor can* 
not be inhaled without the greatest danger, Aniinoniaand 
chlorine are the best antidotes, but the poison is often fatal 
before these can be obtained. 

Pure hydrocyanic acid cannot be preserved, even in well 
stopped bottles. After a very short time it grows dark, and 
eventually deposits a black substance, containing carboDi 
nitrogen, and perhaps hydrogen ; ammonia ia formed at the 
same time, and probably other products. Light favors the 
decomposition. It volatilizes so rapidly that a drop of it held 
on the end of a glass rod, becomes solid by its own evapora- 
tion. Though usually a product of art, this acid exiata in, or 
is formed during the distillation of the cherry laurel, bitter 
almond, bird cherry, peach, and some other plants. It may 
be detected by its smell, and by its yielding a precipitate of 
Prussian blue, when acted on in solution successively by snl- 
pbate of iron, potash, and an excess of hydrochloric acid. If 
the liquid in vrhich the poison is supposed to exist be acidula* 
led with sulphuric acid and distilled, the pruaaic acid will bs 
found in the first portions which come over. 

389. Cffonide of poeaisitcm, KCy, may be formed by the 
direct union of cyanogen and potassium, or by igniting fer- 
rocyanide of potassium (39 1 .) in a close vossol. For comtnon 
purposes in the arts, as in electro-plating and gilding, where 
a little impurity is of no consequence, it may be formed by 
mixing B parts of ferrocyanide of potassium, rendered anhy- 
drous by heat, with 3 of carbonate of potash also dry, and 
fusing the mixture iu a crucible, with occasional stirring, un- 
til gas ceases to be evolved, and the fluid jiortion of the mess 
becomes colorless. The crucible is left at rest for a few mo- 
ment, and then the clear fluid decanted olf from the heavy 
black sediment at the bottom, wliich is principally toetaHic 
iron in a state of minute division. 
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Cyanide of potassium forms colorless, cubic or octahedrtl_, 
fardrooa crystals, delifiuescent in the air, and exceedingly 
Boluole in water. It diasolvea in boiling alcohol, but separates 
in a great measure on cooling. It is readily fusible, and un- 
dergoes no change at a moderate heat, or even at a while 
heat when air is excluded. If air be present, oxygen is ab- 
sorbed, and the cyanide of potassium becomes cyanate of pot- 
ash. Its solution has an alkaline reaction, AH acids de- 
compose this salt, even the carbonic acid of the atmosphere, 
to which ia owing the smell of hydrocyanic acid, which it 
emits when exposed Co the air. Cyanide of potassium is ex- 
ceedingly poisonous, acting precisely like prusslc acid. The 
tenth of a grain of the salt killed a small bird in the space 
of a minute ; a solution of five grains destroyed a large dog 
in a quarter of an hour. Aa a medicine, it is considered 
applicable to all cases in which hydrocyanic acid has been 
found useful. Cyanide of potassium has highly important 
uses in chemical analysis. 

390. Cyanide of raercurij, HgCy. One of the most re- 
markable properties of cyanogen is its powerfiil attraction 
for certain of the less osidable metals, aa silver, and more 
particularly mercury and palladium. Dilute hydrocyanic 
acid diflsoives finely powdered red oxide of mercury with 
the utmost ease, the liquid loses all odor, and yields on evap- 
oration crystals of cyanide of mercury. Cyanide of potas- 
sium is also decomposed by red oxide of mercury, the cyano- 
gen passes to the mercury forming cyanide of mercury, and 
the oxide of potassium or potash is left in the slate of a hy- 
drate. Generally, however, ibis salt is prepared from ferro- 
eyanide of potassium. Of the ferrocyanide, 3 parts are dis- 
solved in 15 parts of hot water, and 3 parts of dry sulphate 
of mercury added. The whole is boiled for 15 minutes, and 
filtered hot from the oxide of iron which sepai'aies. The 
filtered solution on cooling deposits the new salt in crystals. 
It forms white, translucent prisms, much resembling those 
of corrosive sublimate, which are soluble in 8 parts of cold 
water, and in a much smaller quantity of hot water. They 
are also soluble in alcohol. The solution has a disagreea- 
ble, metallic taste, and la very poisonous. 

391. Ferrocyanide of potassivm, SKCfy-|-3H0. The 
symbol Cfy, is that of a body not yet described, called Jhra- 

389. Write llie ■ymbol of cyanide of pglBBSium. How savi ll'" "nliiimak 
be pnpued ! Meoiion soma of its pioperties; — ui 
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When a solution of cyanide of putasBium ia diges- 
wtihimn filings at a gentle heat to an open Tessel, oxygen 
ik alitHKbed from the air, and the iron dissulvee quietly end 
idiaappeBrs. A highly alkaline, yellow liquid is obtained, 
■which, on evapomiion, leaves lemon-yellow crysials, con- 
tsining potassium in combination with a new salt-radica), 
Vhich ifl composed of the metal iron (La>in Jerrttm) and the 
»!rments of cynnogen, and hence called ferro-cyanogpn. 

On the large scale, ferrocyanide of potassium is made by 
lilting carbonate of potsEh and iron filings in an ironTeii- 
■el with presence of air, from which nitrogen is obtained. 
Animal matter is also sometimes added to supply nitrogen. 
Tile mass after ignitiou, is acted upon by hot water, which 
dissolves out a large quantity of the cyanide of potassium, 
which is conTened into the ferrocyanide by the iron. The 
bot solution is filtered, and on cooling yielila large, transpa- 
rent, lemon-colored cryatala of the ferrocyanide at' potassium. 
These crystals are four-sided, tabular, derived fi-ora an octa- 
hedron with a square base. Tliey cleave with facility in a 
direction parallel to the base of the octahedron, and are 
touffh and difficult to powder. They dissolve in 4 parts of 
cold and S of boiling water, and are insoluble in alcohol. 
They are permanent in the air, and have a mild, saline taste. 
The commercial salt is slightly poisonous, but the pure salt 
is unproductive of harm in iho dose of several otinces. By a 
gentle heat it loses 3 eq. of water, and becomen anhydrous. It 
IS a chemical reagent of great value. When mixed in solnlion 
with neutral or slightly acid salts of the metals, it gives rise 
lo precipitalea which very frequently present highly charac- 
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398. Ferrieyanide of potaatium, SK-fCBly, is supposed 



to be composed of 3 eq. of potassium, and oae of a now salt- 
radical, called_/ir7-i, or ferridcyaaogcn, wbuae Bjmbol is Cfdy, 
and which has never been isolated. It forms regular, pris- 
matic, and sometimes tabular crystals, of a beautiful ruby-red 
tim, permanent in the air, and soluble in 4 parts of cold wa- 
ter. The solution has a dark greenish color. The crystals 
bum when introduced into tlic tlame of a candle, and emit 
sparks. Its solution with peroxide of iron yields a blood 
red color. 

393. Sulphocyanide of potasnum, KCay. The elements 
of cyanogen combine with sulphur, forming a well defined 
aait-radical, called sulphocyanogen, which contains CaNSa. 
and is expressed by the symbol Csy. It cryatalizes in long, 
slender, colorless prisms, or plates, which are anhydrous. It 
has a bitter, saline tasle, and is not poisonous. It is very 
soluble iu water and alcohol, and deliquesces wbim exposed 
to a moist aimosphere. When heated, it tVises to a colorless 
liquid, at a temperature far below that of ignition. This salt 
is the most delicate test known fur iron when in the state of 
peroxide. 

394. Fvlminic acid, CyaOg -|-2H0, is known only in com- 
bination. Some of its salts are characterized by the violence 
with which they detonate from a very slight disturbance. 

Ftdminale of silver, 2AgO, C^NjOj, is prepared by dis- 
solving 40 or 50 grs. of silver, which need not bo pure, 
in J oz., by measure, of warm nitric acid {sp. gr. 1'37.) 
To the solution, while still hot, add two measured ounces of 
alcohol, and apply heat xrotii reaction commences. The ful- 
minate of silver slowly separates from the hot liquid in small, 
crystaline plates, which are washed with a little cold water, 
distributed upon separate pieces of filter paper in portions 
not exceeding a grain or two each, and left to dry in a warm 
place. When dry, the papers are faldcd up and preserved 
in a box or bottle. This is the only safe method m keeping 
the salt. Fulminate of silver is soluble in 36 parts of boiling 
water, but the greater part crystalizes out on cooling. It 
explodes with wonderful violence with concentrated sulphu- 
ric acid, and when strongly healed, or when nibbed or 
struck with a hard body. The metal is reduced, and a large 
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unount of gaseous matter liberated. Notwiihiitanding !u 
Bxploaive energy when alone, if cautiously mixed with oxide 
of copper, it may be burned in a tube, with aa much facility 
u sny other organic substaace. 

Fulminate o/^ mercury, 2HgO, C^NjOj, ia prepared by a 
process very similar to that by which the silver salt is obtain- 
ed. Otte part of mercury is dissolved in 12 parts of nitric 
BCid, and the solution mixed with an equal quantity of alco- 
hol, gentle heat is applied, and, if ^the reaction becomes too 
violent, it is moderated by the addition from time to time oif 
more spirit. The fulminate of mercury separates from the 
hot liquid, and after cooling may be purified from an admlx- 
toTo of reduced metal by soliitioo in boiling water and ro- 
crystalization. It much resembles the silver salt in appear- 
ance and properties. It explodes violently by friction or 
percussion, but merely bums with a sudden and almost 
noiseless flash when kindled in the open air. It is manufac- 
tured on alarge scale for the purpose of charging ^>erci«BMin 
eap*. One of these contains only one third of a grain of fiil- 
mmate of mercury ; sulphur and chlorate of potaah arr ' ' 
ded (S09,}, and the powder pressed into the cap secured 
L4rop of vamisb. *' 
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395. The vegetable alkalies constitute an extensive tiiSi 
of bodies, which are, for the most part, the active medicinal 
agents of the plants in which they occur. They are gene- 
rally sparingly soiuhle in water, but more soluble in boiling 
alcohol, from which they crystalizo in a. very beautiful man- 
ner on cooling. The taste of these substances is intensely 
bitter, and their action on tbe animal economy exceedingly 
energetic. They all contain a considerablo quantity of nit- 
rogen, and are very complicated in constitution, having high 
combining numbers. Morphia, narcotine, cinchonia, quinine, 
Btrychnia, and brucia, belong to this very numerous class of 
bodies. 

396. Morphia, Cj^HiaNOn, +2HO. is the chief active 
principle of opium, and the most characteristic type of this 
group of bodies. When crystalized from alcohol, morphia 
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forms small but very brilliont, prismatic crysfals, wLicIi are 
. tranapareut and colorless. Ex^oaed to a moderate heat il 
loses the cryataline form, becoming white and opaque. At 
a higher temperature it melts, inflames like resin, and leavea 
a email quantity of cbarcDal, which easily bums away. It is 
disaolTed by the fixed and volatile oils. At least 1000 parts 
of water are requii-ed for its solution, which tastes slightly 
bitter, and has an alkaline reaction. These cfiects are much 
more evident in the alcoEiolic solution. It dissolves in about 
30 porta of boiling alcohol, but the greater part crystalizes 
from the solution upon cooling. In dilute acids it dissolves 
with great facility, atjd it is also dissolved by excess of caustic 
potash or soda, but scarcely by excess of ammonia. In pow- 
der, morphia atrikea a deep bluish color, witli a neutral per- 
salt of iron, decomposes nitric acid with liberation of iodine, 
and forma a deep yellow or red compound willi nitric acid. 

397. Vmchonia, CjoHi3NO,and5az>w,Cj,oH,3NOj. are 
contained in Peruvian bark, and give to it its valuable prop- 
erties. They are associated in the bark with sulphuric acid, 
And aepecial acid not found elsewhere, called the Jtmic. Gin- 
clionia is contained in the largest quantity in the pale bark, 
qtona in the yollow bark, and both are contained in the red 
bark. 

Pure cinchonia crystalizes in BmuU but beaulifully brilliant, 
transparent, four sided prisms. It is hut little soluble in wa- 
ter (in 2500 parts.) It is very soluble in boiling alcohol, 
which deposits a portion in the crystaline state upon cooling, 
it is slightly soluble in ether and the fixed and volatile oiU. 
Its alkaline character is very decided, as it neutralizes the 
strongest acids, forming with them saline compounds. At 
first it appears to have but little taste, but in a short time this 
isdeveloped by the solution of a minute portion in the saliva. 
Itfl salts are intensely bitter. 

398. Qutna, or guinine, much resembles cinchonia. It 
does not crystalize so well, and is much more soluble in wa- 
ter. By cautious management it may be crystatized in pearly, 
Bilky needles. It is fusible like the resins, and becomes brit- 
tle on cooling. Its taste ia intensely biiter. 

Sulphate of qmnine is manufactured on .a large scale for 

medicinal uses. It crystalizes in line, silky, slightly flexible 

sdlea, interlaced among each otber, or grouped in small 

r-lika tufts. Its taste is intensely bitter. It is very slightly 
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Ic in water, and the eolution is neutjaU lu solubility i» 
I increaeed by the addition of a liiile eulpliuric acid. 
[ Tiiin salt has the game action on the aystem aa Peruvian 
hark, without being bo apt to produce nausea and other bad 
eSeci». It may, therefore, he substituted for tliat remedy in 
I Boat diBcasos to whidi ibe latter is applirable. 
I 399. Strychnia, C44H2i, NjOg, ta contained in »hx twn- 
I tea, and aeveral other plants, Under favorable circumstan- 
I ces, it crystalizes in small, but exceedingly brilUaiit, octahe- 
1 dral crystals, which are transparent and colorless. Hapidly 
I crystalized, it is in the form of a white powder. It is but 
[ slightly soluble in water (in 7000 parts], and so intensely bit* 
ter, that it communicates a sensible taste to 600,000 parts of 
water. It dissolves in hot and somewhat dilute spirit, and ia 
voloiite oils, but neither in absolute alcohol, ether, nor a eo- 
lution of cauBiic alkali. It is one of the most violent poieona 
known. It is sometimes used as a medicine, but unless it is 
employed in exceedingly small quantities it acts with fear- 
ful energy, causing lock-jaw immediately, and death in a very 
short time. Haifa grain blown into the throat of a rabbit 
proved fatal in five minutes. 



1 colors that are permanent when 
1. Most of the beautiful lints of 
flowers fade and disappear soon after the flowers are gath- 
ered, and the coloring matter is so minute, that it is impossi- 
ble to extract it by pressure, or so evanescent that it cannot 
be long preserved. We find, however, in a few instanc^Bi 
sometimes in the roots or the wood, and sometimes in the 
leaves, acoloring juice of greater permanence and denuty, 
which may be extracted and employed for coloring other 
substances. This ts extracted generally by water, but some- 
times by alcohol or other liijuids. All the organic coloring 
principles are of vegetable origin, except cochineaL The 
art of dyeing is founded upon an affinity, or attraction, exist- 
ing between the cohning matter of the dye and the fibre of 
the cloth. In woolen and silk, this affinity is usually very 
considerable, and to such tissues a pcimanent stain is com- 




nunicated, but with cotton or flai it is much weaker. To 
]«t)der the color permanent in these cases, a third Bubetance 
is employed, wbich poBsessea a liigb degree of affiniiy, boili 
for the fibre of the cloth and the coloring matter. Alumina, 
peroxide of iron, and oxide of tin, are usually employed for 
this purpose. With these substances the cloth is first impreg- 
nated, and afierwarda colored with the dye. An insoluble 
substance ia thus formed in the fibre of the cloth. The same 
substance may be formed by precipitating some colored in- 
fu^on, as an infusion of logwood, with a little alkali, by alum. 
The precipitate consists of alumina, in combination with the 
coloring matter. This combination is called a lake. When 
this compound is formed within the fibre of the cloth, a per- 
manent dye is effected. Alumina, peroxide of iron, and other 
bodies which are employed to render colors permanent, are 
called mordants [23 1 .) Oxide of iron gives rise to dull, heavy 
colors; alumina and oxide of tin, especially the latter, to bril- 
liant on^. By applying the mordant partially to cloth, by 
a wooden block or otheiwise, a pattern may be produced, 
for the color will be permanent only where the mordant ia 
applied, and may be washed out of the other part. 

401. Indigo is rendered, by the addition of mordants, the 
most important of the vegetable colors. Without mordants 
it gives a color that is soon lost, and hence, before the use of 
these substances was known, in the reign of Q,ueen Klizabetb, 
indigo and logwood were forbidden to bo used as dyes. By 
anact of parliament, the dye-houses were searched, and these 
two substances when found were burnt. This act remained 
in full force till the time of Charles II, or for a century. 

Indigo is the product of several plants of the genus ini^t- 
gofera, wbich grow principally in warm climates. When 
the leaves of these plants are placed in a vessel of water and 
allowed to ferment, a yellow substance is dissolved out, 
which, by contact of air, becomes deep blue and insoluble, 
and finally precipitates. This, when washed and carefully 
dried, forms the indigo of commerce. It is not contained in 
the plant, but is produced by the oxidation of some substan- 
ces there present. The best indigo is so light as to swim up- 
on water ; its powder has an intensely deep blue tint. It 
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my be freeii from it* impnritiea, which osaally eonstitnte M 
least half of tu weight, by being powdered and b<aled in J»- 
lule acid, in alkali, snd afterwanU in alcohol. 

Fare iodign is quite insoluble in water, alcohol, oih, dilate 
acid«, and alkaliea. It dissolves in about 15 parts of coBceB- 
trated sulphuric acid, fonnitig a deep blue, paaty mnw, en- 
tirely soluble in water, and oilen UHed in dyeing. Id contact 
with deoxidizing agents, and with an alkali, indigo euflen a 
remarkable dtango ; it becomes soluble and nearly eolorlesst 
perhaps retoraing tuihe same state in which it existed in the 
plant. On this principle the dyer prepares his indigo Tate, 
Five pairs of powdered indigo, 10 of protoeulphate of iron, 
15 uf hydrate of lime, and 60 of water, are agitated togeth- 
er in a close vessel aod allowed to stand. The hydratec) 
protoxide of iron in conjunction with excess of lime, reduces 
the indigo to the loluble slate ; a yellowish liquid is produced, 
from which acids precipitate white or deoxidistd indigo, 
which absorls oxygen with the greatest avidity whenlwought 
in contact with the air. Cloth steeped in the yellow solu- 
tion, and tlien exposed to the air, acquires a deep and most 
Ttermaneiit blue tint, by the deposition of solid, insoluble in- 
) in the tub^iance fiftkt fibre. Instead of the iron, the 
, and tlie lime, a solution of caustic soda and grape 
BUgar may be used. The sugar becomes oxidized and iKe 
iodigo reduced in the deoxidized state. 

When the cloth is previously boiled in alum mordant, and 
then in a bath of iudigo, mixed with any of the yellow dyes, 
a green color is obtained. TfW may be dyed vieiel, pmrple, 
or lilac, by means of cochineal, tnixed with sulphate of iikB- 
go. The same colors are given to silk, by first dyeing crim- 
son with cochineal, and then dipping ihe silk into tbe indigo 
bath. Cotton and silk are first dyed blue, theu galled (with 
nutgalls), and soaked in a decoction of logwood; but a mors 
permiment color is giTenby means of oxide of iron. 7tw-yb 
dyed blue by being immersed a longer or shorter time in ■ 
dilute solution of sulphate of indigo mixed with a little pot- 
ash. It assumes a blue tint of greater or less inteoBity, ao- 
cwding to circumstances. Blue combined with red and yet- 
low in cloth produces oiiVe. Blue insoluble intligo, is cem- 
poaed of CjbHjNOj, and white, or reduced indigo, of 
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C, (HgNO,. Under the action of beat and of reagents, ia- 
digo yields an exceedingly nuDierous class of bodies. 

402. hitmus a an« of the colon employed by the dyer. 
To the cbemtat it ia a reagent for acids, by which it is in- 
Uantly reddened ; it then becomes a teat for aikahee, by 
which ilH blue color is reetored. It is prepared from a Kchen 
that grows on maritime rocka, moat abundantly in the Ca- 
nary and Cape Verd Islands. It is also prepared iroin a 
plant which is collected in Norway. It comes in friahlei 
violet colored, finely granular pieces. It has au alkaline 
emeli and a saline taste. Test paper for chemical purposes 
ia prepared wilh a watery infusion, consisting of one part of 
powdered litmus to 4 of water. This is applied by means 
oio. brush to white unsized paper, or paper free from alum 
and other ociA salts. The sheets, when dried, should ba 
kept in close veascls in the dark. 

403. Ct^ckineal is a littlo insect, the evccia cacti-, which lives 
on several species of cactus, found in warm climates, and 
cultivated for this purpose in Central America, and tha 
eouthem part of Mexico. The dried body of the insect 
yields to water and akobol a magnificent rod coloring mat- 
ter, pirecipitablo by alumina and oxide of tin. Carmine is 
a precipitate t>[ this kind. This substance is often adulte- 
rated with starch or vermillion, and is sometimes rendered 
paler by an excess of alumina used in its precipitation. This 
Id detected by ammonia, which dissolves pure carmine, and 
leaves behind the substances with which it is adulterated. 

404. Madder is the most permanent and valuable of the 
red dye siufis. The plant from which it is obtained is a na- 
tive of the South of Europe, and is cultivated in France and 
Holland. From the latter country most of the madder of 
commerce is procured. The coloring matter, which may bo 
extracted from the root by several different proceases, forms 
yellowiab red acicular crystals, easily soluble in alcohol, hut 
sparingly dissolved by boiling water. It resists the action of 
concentrated sulphuric acid, and may be sublimed without 
decomposition. A purple or brown, and a yellow coloring 
matter also exist in madder; the latter ia very soluble in 
water. 

405. Brazil wood, and logwood give red and purple infu* 
sioDS, which are largely employed in dyeing. The colorii|| 
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tmindple of lo^ood has been obCained in crystnla. Aetda 
bri^ten these colors, antl alkalies render Uieni pnrple or 
blue. Amon^yellow d yea are qurrcitron bark, JutHe wood, 
ftnd taffrOK. These give yellow infusions to water, and fnr- 
oish more or less permanent colore. The g^reen coverkig 
llt» wohiut, is used to dye brown. 
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406. Life controlls all other agencies in animal as well as 
in vegetable chemistry } these two departments are, howev- 
er, marked by many etrikiog and characteristic difiereiices, 
UDoaj^ which are the following : 

1. The combinations produced by the principle of life in 
the animal organization, are far morf eomjAcx than those 
produced in the veKetabte kingdom. Not only the structure 
of the bodies of animals, but their chemical composition, is 
iax more complex than those of the forms of vegetable life. 

2. The great mass of vegetable substances consist of nox- 
azotieed SKbxtancet, consequently of substances which con- 
tain only three elements ; but in the aniroa) body, the mso- 
tised and the mlphuriztd substances predominate. Water 
SJid fat are almost the only substances composed of two or 
three elements that occur in the animal body ; all tbe others, 
Bfl flesh, cartilage, blood, hair, nails, &c., are rich in nitro- 
gen, sulphur, and also contain phosphorus. 

3. Most animal substances, when viewed under the mi- 
croscope, exhibit the form of small globules. In the mineral 
kingdom, the angular (crystaline) form prevails. The vegeta- 
ble kingdom, holding a middle position between tbe anima) 
and the mineral, aflbrds examples of both kinds of (brmti, 
viz., the globular or spherical, in starch, yeast, ice, the 
crystaline in sugar, organic acids, bases, &c. 

4. The elements of which animal substances are formed, 
are exactly the same as those which occur in the vegetable 
kingdom, viz., oxygen, hyilrogen, carhtm, nitrogen; also, irui- 
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fiur, photpkoru», and chlorine, and the metallic Bubstancea, 
lime, potastium, sodium, and iron. 

6. The agency of cdiular action, (p. S33,) in the animal 
body, is much more feeble and more limitud than in vegeta- 
ble life. In the vegetable worltl, by the action of cells, all the 
guliatancea visible in the plant, are produced out of purely 
isorgauic matter. In an animal, this agency is confined to 
the modification or change nf complex organic principles 
already existing ; principles which owe their origin to plauta. 
A building up, an organizing power, is indeed manifest, but 
t)ie materials are furnished, as it were, to its hand, in a state 
requiring an e:«erlinn of chemical force infinitely leas ener- 
getic than that renuired to produce woody fibres, or augar 
from carbonic acid and water. The most intiicate and re- 
fined ciiangea are produced by vegetable life, changes in- 
comprelienaible in their nature, though evident in their ef- 
fects ; they are in the ascending scale, producing organic 
substances from inorganic. The changes which occur in tha 
animal body, are chiefly in the descending scale, forming 
compounds less and less complex by changes which we can 
in most instances underaland, and in some imitate, until 
they at length reach the iuorganic condition, and once more 
become capable of aasimilation hy plants. A perpetual and 
unbroken chain of agencies is thus established, the prodi 
of the one order of beings becoming the, sustenance of 
otlier. 

The following table exhihits in a striking light the 
site functions of plants and animals. 

Tat imini»l 
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6. The vital principle produces a continual equilibrium in 
the animal frame. This is also the case in all organic life, 
but in animal life it is pre-eminenlly true. Without a con- 
stant repair, or renewal of the whole animal system by de- 
position and organization of matter from the blood, the body 
wobM soon waste away. This organization of matter is 
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^^■lf-n^vl«tiag^ or Tmnes with the dem&nda of ihe ayttttm. to 
^^^Mt tlwa^ in ciirumstances always chuiigin^, and expe- 
k liMidDE «rii]iui ttAeir continual changes, Bmoanting lo maiij 
humtn^ pounds in the course of a year, the animal fnune 
pmBTTea in weight from year to year, very nearly the eanw 
ni Binoant. Art is far outdone, and must ever be, for do 
suntriwaca of ninn is destined to a perpetuity beyond iLe 
naieriulH of which it is at first consiructod. 

7. Tbo fooil iif anitnuls coDsistA fur the most part of organ- 
itrd malter, while that of vegetables is derived from the w- 
ar^oaie kittgdom. The inorganic constituents of vegetnbles 
ve dorivcnl frora the soil, anil from the decomposition of 
oUier vfgetsbles, which by decay, fermentation, or putrefac- 
tioti, loM) their organic character, and are resolved into their 
inorganic etements. 

8. The food of the two great classes of animals, ihe gra- 
oiniverous, or the vegetable feeders, and the camiverous, is 

■ ■ompnaed uf eseentially the same principles. Vegetable al- 
■bumen, 6briite, and caseine, the food of the former clasa, are 
'a cumpoeition identical with bodies of the eanie name ex- 
racted from blood and milk, and which are the food of 
lUer claw of animals. 
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407. [Fiiriw, C„oHs,„0,joNso+PS. This subsS, 
t found in two distinct condilious in the living animal ; 
Ltiie blood, where it is dissolved, perfectly fluid, and in the 
BpiuscBlar flesh, of which it forms the characteristic ingredient. 
j[n Ihe latter it is solid and insoluble, or coagulated. When a 
^in slice of muscle is washed in cold water until perfectly 
% white, it is seen to consist of a atriogy-looking substance, 
I which is the fibrine itself, traversed in all directions by blood 
veMcts, nerves, and membranous maner. Fibrine is also 
deposited when the expressed juice of plants, such as beets, 
ctJO'P*! &e., is allowed to stand. This appears in every re- 
4. Tbp same with animal fibrine. The latter is usually 
■re exacUj'y beating fresh drawn blood with twigs, and wash- 
kingdom, vtff.hich adheres to the twigs with waterand ether. 

405. WhBioUwrdi* ofp)uit»iUri»etit In "hsi respecl* u therwdorall 
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In a freali state it forma long, while, elastic filaments, which, 
under the microscope, appear to be composed of small glob- 
nles HiTanged in Birings ; it is quite taeteless, and insoluble in 
both hot and cold water. By long continued boiling it is 
partly disaolved. When driod in vacuo, or at a gentle heat. 
It loaes about 80 per cent, of water, shrinks very much in 
volume, and becomes translucent and horny. When again 
moistened, it recovers, for the most part, its former bulk. 

The fibrine of arterial and venous blood, is not absolutely 
the same. When the venous fibrine of human blood is trit- 
urated in a mortar with 1 J times its weight of water, and J its 
weight of nitrate of potash, and the mixture left twenty-four 
hours or more at a temperature of 100° to 120°, it becomes 
gelatinous, and exhibits all the properties of a solution of al- 
bumen whichhaabeen neutralized by acetic acid. It event- 
ually becoraes liquid. Arterial fibrine treaied in the same 
way does not become litjuid, nor does the librine of venous 
blood when long exposed to the air ov to oxyc^en. The fibrine 
of muscular Heeh resembles that of venous blood. 

408. Albumm, C,o(,H3ioOi3oNsoPS,. This formula 
ia the same with that of fibrine, with the exception of S, in- 
stead of S in fibrine. White of egg, and the clear «erum, or 
fluid part of the blood, contain albumen, aijsociaied with 
8oda, from which it may be obtained by neulralizing the soda 
with acetic acid, and by diluting with cold water. The pre- 
cipitate of albumen thus formed, is soluble In water contain- 
ing a minute quantity of alkali. By a sufficient heat, albu- 
meti coagulates and becomes a. white body, wholly insoluble 
in water. With metallic salts, as corrosive sublimate, it gives 
insoluble precipitates ; hence its use as an antidote for that 
poison. 

After the fibrine is removed from the expressed juice of 
plants, by the process mentioned above (107.), if the tempe- 
rature of the juice be raised to 2XS°, it becomes a second 
time turbid with vegetable albumen. A third principle ia ob- 
tained after the albumen is separated, by slowly evaporating 
the solution. This is vegetable caseine which appears in a 
film on the surface. 

409. Cfljeine, C^ooHjioOijoNsoS, is found only in milk, 
where it exists in a state of perfect solution, owing, like al- 
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bumen, itR nolubiliijr to a sinall quantity of olkalL ITnHke 
slbuiDen. however, caseine is not coagulaied by beU. Xbe 
Bdtlitioa <if a litile acid of almoat any kind, precipitates case- 
ine from milk, by neutralizing the alkali which held it in ao- 
lotion. Ad exceedingly small quantity t^acid will effect ths 
precipitation when ibe reaction is aided by a gentle beat. 

A solution of cBseine ma; be coagulated by certain snimal 
membranea. On this principle, the manufacture of cheese 
depends. A piece of the liQing membrane of the stomach 
of an animal, mure nariiculorly that of a young animal, as a 
calf, is clennaed by slight washing in cold water, plunged iota 
Si large mass of milk, and tha temperature of the whole stosrly 
raised to about 120° or a litile higher. At a particular mo- 
ment the milk undergoes a very complete coagulaitoo. It 
separates into solid, white, niiaque curd, and into tliiu, pale- 
colored, translucent vjhey. The former consists chiefly of 
oaseine and butler, tlie latter of water, holding in solution 
noBt of the salinecumpoundsof the milk, together with nu Ik 
HU^ar, to which it owes m sweetness. The curd is draitied, 
mixed with salt, and someiimes other condiments, and then 
undergoes vatioua manipulations, the principal object of 
which is to communicate consilience and form, and to get 
rid of superfluous moisture. The cheese thus formed, is al- 
lowed to remain in a coul nituaiion for several months, and 
undergoes a particular kind of putrefactive fermentation, 
npon which its flavor and value depend. 

The following table gives the composition of several vari- 
eties of cheese, of which No. 1 b skimmed milk cheese, Oiw 
hundred pounds of che< 





No. 1. 


No. 3. 


No. 3. 


Water, 


43-82, 


35-81, 


3S-5S, 


Caseine, 


15-04, 


37-96, 




Butter, 


5-98. 


21-97. 




Ash, 


5 18, 


4-25, 


6-29, 



From this table it appears that cheese c „ 

i its weight of water, and also, with ihe exception of skimmed 
milk cheese, from J to J of butler. 




orGbnue uiil ihai of all 



Xer 



-wri uura crt«»e nmUin ' How mi 
uliemosicaaeuio? W bat ii snii ol 



WhoiB if ihi> >ut>(Uin(« found ! Why is ea- 
uwioc coHgulsIed lij h- ' " 

nillif UpuQ what do. 

o ponionsw ihemilk Hpnraicd ! Ufwhai doM 

-- ■'- -'• pnnired from ihe eiirft ; 

"'-'^ ' Whaitiml Df^ 



ncAmiXk. 




ORe.UdC CHEHIBTRT. tS8 

I milk cheese, on the other hand, conCains the 
M^t Kmount erf caseine, amounting to nearly half of ita 
ireight. This renders tbia kind of cheese very nutritious, 
while it is not as rich as the other kinds, and, therefore, might 
well form a principal article of diet. 

Filirine, albumen, and caseine, are very nearly alika iJ^h 
their oompositiun, aa appears from their formutte : ^^M 



Pc 


h.H, 


,.".• 


i.N„PS. 


<!rf 


,„H, 


1.11.1 


,.N„PS,, 


c„ 


loKj 


,oO,. 


;>"+s- 



In these formula, C, H, O, H, are the same, and in the 
same proportions. From this it is supposed that these ele- 
ments form a aiibstance to which the name proterat has been 
given, although this has never been entirely isolated. With 
nroteine, phosphorus end sulphur are supposed to be com- 
bined, forming fibrine, albumen, or caseine, according to tho 
proportions in which they unite with proteine. Hence, these 
three substances are called ihe jn-oteme group. 

410. Gelatine, CgHioNaOs, is obtained irom animal 
membranes, skin, tendons, and bones. These dissolve in 
water, at a hig-h temperature, more or less completely, but 
TTith very different degrees of facility, giving solutions which, 
on coaling, acquire a soft, tendinous consistence. This sub- 
stance is termed gelatine. It does not pre-exist in the ani- 
mal system, but is generated from the membranous tissue by 
die action of boc water. The jelly of calves' feet, and com- 
mon size and glue, are familiar examples of gelatine in dif- 
ferent conditions of purity. laingtass, the dned swimming 
bladder of the sturgeon, dissolves in water merely warm, and 
yields a beautifully pure gelatine. In this state it is white and 
opalescent, or translucent, quite insipid and inodorus, insol- 
uble in cold water, but readily dissolved on a slight elevation 
of temperature. Cut into slices and exposed to a current 
of dry air, it shrinks very much in volume, and becomes a 
tTB.nsparent, glassy, brittle mass, which is soluble in warm 
water, but insoluble in alcohol or ether. Long continued 
boiling gradually alters it, and the solution loses the power 
of forming jelly on cooling. One part of dry gelatine dissol- 
ved in 100 parts of water, solidifies on cooling. 

slemenU arcs in Ihc fonnuls ol uusine, •Ihutnrn, indfibriae, in Ihe ume pmpor- 
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An ujueoo* aolution of ^elaline ie pi«cipitMed bjr s 
whicli withdraws tke water. Comwive sublimate in 
gives a white fiocculeat precipitate, and the same ia produced 
by the oitraie of the suboxiile and the protoxide of merciuy. 
With tannic acid, or iiifuttion of ^lls. it ^ves a copioui, 
white, curdy precipitate, which coheres on stirring to an 
elastic mass quite inwluble in water, aad incapable of pntre- 
faction. Chlorine passed into a Bolutioo of gelatine, conden- 
aes a dense, white precipitate of chlnride of gelatine, which 
envelops each gas bubblo, and ultimately forms a tough, 
elastic, pearly mass, somewhat resembling fibrine. Botliag 
with strong allcBUea converts gelatine into gelatine amgar, a 
sweet, crystalieable principle, containing C^H^NO^. 

Common glue U prepared from refuse skiii or bones, eitbex 
bv extraction with hot water, or by the pressure of eteam. 
The best glue ia prepared by the latter process. The con- 
cetttrated hot solution is then allowed to settle, and thelfain 
liquor yield* on cooling, a stiff jelly, which is cut by wires 
into thin cakes, and placed to dry upon packthread nettings, 
which give it tbe common grooved appearance. Tbe bonis 
of tbe hart produce gelatiue of the firtit quality. Theae are 
reduced to the state of shavings, that the gelatine may be 
more easily extracted. Jellies for invalids are often prepared 
from ibeae shavings. The adhesive power of glue ia much 
increased by adding to it white lead or borax (about 1 oz. 
or 1} oz. to 1 lb. of glue.) 

If a solution of gelatine, albumen, fibrine, cas^ne, or prob- 
ably any of the more complex azotized, animal principles, 
be mixed with a solution of sulphate of <:opper, and a large 
excess of caustic potash be added, the greenish precipitate 
first formed is rediesolved into a purple aolution of indescri- 
bable magnificence, and great intensity. 

Gelatine is largely employed aa an article of food, in soups, 
&c. Greai quantities of size and glue are consumed in me 
useful arts. 

411. The Hood, respiration. The blood is the general cir- 
culating fluid of ihe animal body, the source of all nutriment 
and growth, the general matter from which all secretions, 
however much they may differ in properties and composi- 
tion, are derived. Food or nourishment can only be made 
available by being first converted into blood. It serves also 



'ing from the body 




OKSAinc CBEMivrmt. 

the scarcely less important office of rcmo' 
principles which are no longer required. 

While circulating in the vessels, blood 
ly colorleM and tranapaient liquid, in 
which float myriads of minute, veaicular 
bodies, or corpuscles, of which by far the r 
greater number are of a bright red color, 
(Fig. 103.) These are so araall os to be ^ 
individually quite invisible to the naked 
eye, and therefore give the blood the ap- 
pearance of a homogeneous red fluid. • 
Besides the red corpuscles, ther( 
ways present a few colorless particles L 
having irregular forms, and differing ii 
other respects from the red corpuscles. 

These bodies are found to present different appearances 
in the blood of different ouimals. In the mammifers they 
are round, red or yellowish discs ; in 
birds, bzards, frogs, and fiah, they are ^'' 

elliptical. In magnitude, they differ wilh 
the genui and order, although quite ci 
ttBDt in members of ibe same species. )! 
The red corpuscles of the human blood 
vary from j^\j; to j^^ of an inch in di- 
ameter, while ill the frog the longer diam- 
eter of the ellipse measures at least four 
times as much. In some of the lower ^ 
order of animals the blood is entirely de- 
void of redness, and nearly colorless, i 
This is called white Mood. With white ™* 
blooded animals the muscles are also white, 
frogs, r«ptites, &c. 

The temperature of the blood in all vertebrated animals, 
is above that of the medium in which they live. In the 
mammalia this is very apparent, and in birds still more so. 
Th» heat of the blood is dependent upon respiration, and 
is proportioned to its activity. In man it does not vary 
rau<A from QS°, even under great vicissitudes of climate, 
provided the system be in a beallby state, In birds it is 
■ometimes as high as 190°. This blood consists of two 
kinds, which differ considerably, viz., that conTsined in the 
le/l tide of the heart and in the arteries generally, and that 
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contkined in M« right fide and in the vein*. The anerial 
Uood ia bright red ; tbu venous blood is dark c]aret-coIi>iied, 
■omelimes approaching to black. The blood uresiiu out of 
the left side of the heart through the arteries into aD paiu 
of the body, from which it returns dark colored through 
the veins to the right side of the heart. Before it reooia- 
mencea its circulation, it is impelled through the lunge, in 
which it comes into contact with the air. This eaters throu^ 
the cellular membrane of the lungs by endomtote (189.) and 
uniting with the carbon of the venous blood, (forming c«r- 
boiiic acid,] escapes by txtamote without the cells of tfaa 
lungs, whence it is exhaled to the exieroal air. Bj thia 
process the excess of carbon being removed from the dark 
venous blood, it is converted into light arterial blood. Tha 
ibrmation of carbonic acid within the lungs ia the same as 
that in the combustion of fires, and is attended by many of 
the same effects. When wood is burned, the oxygen of the 
sir unites with the carbon of the wood, and carbonic acid 
is formed ; heat is at the same time given out. In the aame 
manner the oxygen of the air unites with the carbon of the 
blood, ckiejly in the lungs, and while carbonic acid is fonned 
heat is also evolved. Wood supplies the fire and continueA 
its combuBlion ; food supplies the wants of the animal body 
and continues the vital heat. 

In its ordinary state, the blood has a density varying 
1-053 to 1-057. It feels slimsy, and has a decidedly alka- 
line reaction. It has a saline and disagreeable taste, asd, 
when quite fresh, a peculiar odor, or halitut, which almost 
immediately disappears. An odor may, however, after- 
wards be develD|>ed by adding Eulphtiric acid, and thia odor 
is by some considered characteristic of the animal &om 
which the blood was obtained. « 

One of the most remarkable peculiarities of the blood, is 
its spontaneous coagulation when separated from the body. 
The fibrine of the blood is held in a state of solution, while 
circulating in ibe vessels, but no sooner is ihe blood removed 
from the sypiem, ihan it begins to separate in the solid stale, 
after which it becomes quite ineoluble in water. If this co- 
Bgulum be placed upon bibulous paper, and draine-d as much 
as poeaiblo from the fluid portion, and then jjut into water, 
the coloring mailer dissolves, forming a magnificent crimson 
solution. This is called hematosirie. It contains albniiMii 
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miJ cottgulatea by heat, and by addition of alcohol, but can- 
not be separated from the albumen. Hematozine differs 
from the other animal principles, in containing- bh an esaen- 
liaJ ingredient, oxide of iron. A solution, rich in oxide of 
iron, may be obtained from the dried clot of blood by cal- 
cining it in a crucible, and digesting with dilute hydrochlo- 
ric acid. The healing of wounds is produced by the coagu- 
lation of the fibrine of blood, and furnishes one of the most 
striking proofs of design in the construction of the human 
frame. When an incision, or laceration of the body hap- 
pens, tlie blood issues from the divided vessels, fills up the 
wound, and then coagulates, unless a very large vessel ehould 
be opened, and the blood flow too rapidly and escape. The 
clot remains while the serum evaporates. Organisation 
then takes place in the fibrine ; that is, new blood vesseb are 
foi-med in it, connected with the adjacent old ones ; new 
nerves are also produced through it, and it soon becomes a 
living mass. Rest and quiet are all that nature requires to 
complete the process, and the siraplest dressing of the 
wound is, therefore, all that is required. 

The composition of human blood varies continually in a 
greater or less degree. It cannot, therefore, be determined, 
except for the individual, and the time. The slightest cause, 
as for instance, drinking water freely, will effect an entire 
change in the analysis of the blood oi^^ individuals. The fdl^^ 
lowing table, will, however, give a general idea_of the O" 
stitution of the blood : 
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pravents the solution of the red corpuscles. 
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easily aolable in water, and the limit of dilution iritbin 
which ibey can remain uninjured, is nearly reached is the 
blood, ftir when water ia added, they are immediately at- 
Ucked. 

412. TAe Ivngi are made up of an immenee namber of 
ceUs connected wiLb the windpipe. In tlic act of respiration* 
they are perfectly paaai^e, the air being iotroduced and ex- 
|>elled alternately by the contraction of the musclee of tli« 
cheBL The manner in wbicb this ia done, may be under- 
stood from Fig. 105. Let the glaae g]oI>e, A, represeiM tbe 
capacity of tho chest ; b, b, are eheets of gum-elasdc strelcib* 
ed over o]>eniiig3 in tbe globe. B is a bladder 
' '"*■ introduced into the top oflhe globe, and tied or^ 
ihe neck in such a manocr, that the ^ can enter 
within the bladder, but not within the globe. If 
tbe sheets of gnm-elastic b, h, be drawn out 
by the strings attached to tbe center of these sheets, 
tlie capacity of tbe globe will be enlarged, aiidi 
consequently, tbe air within will be rarefied. The 
"» external air, therefore, nishes into tho bladder 
through the lop, and dilates it exactly in propor- 
tion as fi, b, aredrawn out. If i, h, are now allowed to con- 
tract and return to their former position, the bladder will also 
contract and become flaccid as at first. In a eimilar man- 
ner, when the cavity of the chest ia enlarged, tbe air rusbea 
into the lungs, which are suspended in the chest like the blad- 
der in the glaag globe, and when this cavity is diminished, 
the air is forced out. The capacity of the chest is enlarged, 
both upwards and downwards ; upwards by muscles, the 
contraction of which draws the lower ribs upwards and out- 
tDard); downwards by the contraction of tbe diaphragm, 
which covers the bottom of the chest, , 

The number of respirations average about 17 each miu' 
ule, and at each respiration, about 17 cubic inches of mt bt* 
introduced. By a forced efibrt, 50 or 60 cubic inches may 
be expelled. About seven tons of blood are daily exposed 
to 22fi cubic feet of air. Inhabitants of very cold countries 
maintain tbe temperature of the body, by consuming enor- 




drogen of which are chiefly employed in the production of an- 
imal heat, These people live by hunting, an occupation that 
I requires great muscular exertion, and consequently quick- 
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ens and deepens tlie breathing, while from the increased 
density of the air of those regions, a gi-eater weiglit of 
oxygen is taken into the lungs, and absorbed into the 
bloud at each inspiration. In this manner, the tempera- 
ture of the body is kept up, notwithstanding the piercing 
cold. 

413. The fkin is an elastic aubatance, covering the whole 
body. It consiatB of a thick tissue of ceUa between which 



} small Openings (pores). Fig. 106, 
of human skin, as magnified by the 
tnicroseope. Through these porea, 
a substance, partly oily and partly 
watery, is separated, together with 
some carbonic acid. There is a slight 
difference in the composition of the 
finely organized and highly elastic 
membrane which forms the coat of 
the arteries, and the coarse epider- 
mis of the foot, as will be seen 6:0m 
tiie following analysis : 
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Arteij ootl. 
Carbon, 53-75, 
Hydrogen, 7'08, 
Nitrogen, 15-36, 
Oxygen, 23-81, 

100-00, 



Epidennia^ 

6104. 
6-80. 
17-23. 
24-93. 

10000. 



lom, I 



A little sulphur was found in the epidermis. Hair, horn, 
nuls, wool, and feathers, have a similar composition. They 
eII dissolve in causlicpotash with disengagement of ammonia, 
and the solution whea mixed with Sicid, deposits a kind of 
proteine (p. 29S) common to the whole. 

In an experiment tried on a healthy individual, it was 
found that 11 oz. of carbon were given off in the state of car- 
bonic acid in 24 hours, from tbo lungs and the skin. During 
the same time a borao consumed in respiration 77 ounces, 
and a cow 70 ounces. 

414. Milk, when examined by a microscope of even mod- 
erate power, appears to consist of a perfectly transparent 



413, Of what does ikin c 

^b414. OrnhMdoemailkco 
^Bnr » bullei produced t 
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fluid, in which float numbeis of mn»- 
pareot glol>ules, which consist of fat 
(Fig. 107.) The size of theseglob- 
4 ulea Tsriea from a mere point to about 
^^ J» 5,^of an inch in diameter, ilje»i»- 
?!^?fl« ^°S ** %^ raee size being rather more than j Ag 
§S« V ^^iS of an inch. I'he milk which iiX 
eoS^Sferf d'** lained during the first few duf^ of 
"o a'^'o " ^ lactation, is always much richer ihaD 
ordinary milk. In this we find, in 
addition to the common milk globules, numerous gnmular 
corpuscles (Fig. 108.) of a palsi yellowish color, snd consid- 
erably larger than the otiien, their 
diameter varying &om -jj^j to 

When suffered to remain at rest 
" ■^•aJ ^^KMifi. ^"^ ^"'"^ hours, at the ordinaiy 
1^ ^^^l^ff^ ir^* temperature of the air, a large 
^r^^K^^Hfe ^ proportion of fat globules coU^t 
f l9^y at the surface in a layer of cream. 
If this be now remoTed and expo- 
sed for sameiime to strosg agita- 
tion, the membraoes of the oil 
globules are torn, they coalesce in- 
to a mass, and the remaining watery liquid ie expelled &om 
between them. The butter so produced must be thoroughly 
washed with water, to removo aa far as possible the lost 
traces of caseine, which readily putrifies, and would iii that 
caae spoil the butter. A little salt is usually added. The 
butter thus prepared is not entirely free from butter miBct 
and, therefore, cannot be preserved a great length of time, 
without being clarified by fitsion. The watery part then 
subsides, and carrios with it the residue of tlie aaotized mat- 
ter. This process, unfortuoately, impairs the flavor of the 
butter, and is not, therefore, generaUy adopted. The pro- 
portion of margarine and oleine in butter, on which depends 
Its consistence, varies with the season, or rather with the kind 
of food. In sumraer, the oily portion is more considerable 
than in winter. In a fresh slate, when taken from a healthy 
animal, milk is always feebly alkaline. When left to itself, 
it soon becomes acid, and is found to contain lactic acid, 
which cannot be discovered in the fresh condition. The al- 

time t Hu rresh milk illulinc or scid propeities ? To what ii tha ■Ik^iiw 
Atwscleraflrelh tnilk owinEl Whj n phoiatuta of lime dinolred in nuitt 
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kftUnity ia due to the aoda which holds the caselne in aolu- 
don. In this soluble form, caaeine poaseases the power of 
tmkin^ up and rotaining a considerable quantity of phosphate 
of lime. The density of milk varies exceedingly, and its 
quality usually bears an inverse ratio to ila quantity. By 
feeding on certain kinds of food, the quantity is often inci 
ed at the expense of the quality. An oaalysis of cow- 
gave the following result : 

One thoiiBand putt of milk oonuiaad 
■Wstet, flTSOO. 

Slitter, 3000. " in>n, O'OT. 

Cueiae, i8-W. Ckloiide ofpolugiuio, 1'44. 

Milk-Bugu. 43'9a. '■ Budiuiu, D'34. 

Phoip, lima, 2-31. Sodi, 013. 

415. The production of fat is increased by a state of rest, 
a warm situation, and an abundant supply of food. Bvery 
part of the body is wasting away, but this waste takes place 
much more rapidly by exposure to cold, or with active exer- 
cise. The fat of an animal is a provision of nature for the 
maintenance of life during a certain period of privation. This 
may be produced by the vital energies from food that con- 
tuns no fat ; thus bees will produce wax, though fed upon 
pure sugar, and animals will grow (zi on food that contains 
no nitrogen, although this ia an essential constituent of fat. 
Still the assimilation of fat takes place much more readily 
from food in which it is already contained, and hence this 
deposition, and the production of butter from the milk of &n 
anmial, bear a certain relation to the amount of oleaginous 
matters found in its food. For this reason, Indian com, 
which contains from 8 to 12 per cent, of oil, furnishes one of 
the moat valuable articles for feeding and fattening cattle. 
Oil cake, or the residue of linseed oil factories, produces a 
aiill more striking effect in fattening cattle. 

416. Bones consist of an animal tuid an eoilhy matter (pboB- 
phai« of lime, bone earth.) Bones also contsin 
from 6 Co 7 perceiit.of carbonate of lime. The 
amount of this substance in bones, is determin- 
ed by the aiTangement represented in Fig. 109, 
A small portion of the pulverized bone is put in- 
to the flask, a. This flask contains a littlejwater, 
and a small tuba, c, holding hydrochloric acid, i 
A chloride of calcium tube, b, is attached to the li 
cork. The whole apparatus is now weighed. 




^B^^ MLnnatra or cbektitiit. ^^^ 

■Act wbicli. tbe acid is ailotved to Sow graduaQy out of t&» 
tubo, c, by inclining tbe flask. The dilute add ibos formed in 

»*# acu upon tbe pulverized bone and expels Its carbooie 
add. This paasea otT through ilie chloridi^ of cslciQin tabot 
f, by which it is deprived of il« moisture, and thus nodnn^ 
but carbonic acid escapes from the apparatus. Tbe ammn* 
of this gasisi therefore, what is lost, which may be det«nut»- 
ed by weighing the apparatus again, and comparioff ibe 
■ecoi>d weight with the firsL From tbe amount of carboiuc 
ftcid tbu» determined, that of the carbonate of lime may be 
aBcertained,for50 parts of carbonate of lime contain g3 pans 
of carbonic acid, and the wciebt obtained must therefore be 
increased in tbe proportion of SO to 23. 

The following table shows tbe composition of ibe bones of 
I An adult, compared with those of a child : 




3919 43 so. 

SO-M 44-ia 

i2 51 46-SS. 



Prom this table it appears that the bones of tbe adult are 
in every instance richer in earthy salts than those of a child. 
Daring the earliest periods of life, they congist almost en- 
tirely of gelatinous membranes, having the form of the bones, 
but of a loose, spongy texture. The cells or cavities of this 
texture are afterwards filled with phosphate of lime, and by 
tbe gradual acquisition of this salt, the bones acquire bara' 
ness and durability. A portion of the phosphate, after die 
bones of the infant have been sufficiently expanded and solid- 
ified, is deposited in the teeth, which consist at first only of a 
gelatinous membrane, or case, fitted for the reception of this 
salt. After acquiring hardness witbin the gum, tbe new 
formed tooth protrudes front it. 

In (Quadrupeds, the phosphate of lime ia deposited likewise 
in their horns and the hair or wool with which they are gen- 
erally clothed. In birds it serves also to harden the beaks, 
and the qnilb of their feathers. When animals have arrived 
at a state of maturity, and their bones have acquired sufficient 
solidity, the phosphate of lime which is token with tbe food 
is seldom assimilated, excepting when the female nourisbea 
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her young with milk ; it is tlien assimilated in the milk i 
them, to Birengthen and complete their bones. 

417. Relatione of chemiitry to coravum life. In the brief 
survey which we have now taken of this most extensive 
Bcieuce, we have found every part intimately connected with 
life. In inorganic chemistry, we have been led to the compo- 
sition, andi in a degree, to tlie_^m« of vegetable and animal 
structures ; we have followed the principle of life in its or- 
ganization of the animated world around ua, and of our ovm 
trantes. In organic chemistry we have become acquainted 
with the nature and properties of bodies, which, either in 
their simple state or in combination with other bodies, wo are 
constantly meeting with, and employing in the various pro- 
cesses of art, of agriculture, of ilomestic economy, or in med- 
icine. While such is the wide range of this science, there is 
none that so thoroughly investigates the bodies which are the 
objects of its study. The atoms of these bodies are its appro- 
priate study, and all its investigations are founded, not upon 
the laws which conlrol masses, but upon those which govern 
the ultimate particles of bodies. Hence, its knowledge is 
complete ; so far aa explored, the subjects of its study are 
thoroughly knovra. 

In tltis thorough investigation of nature, we find no fault 
to mar the beauty or perfection of her works, The smallest 
alomsareobedient to laws of perfect wisdom, and every com- 
pound which these atoms form, is perfect in its construction 
and ia the properties by which it is related to other bodies. 
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— «<> ;— anow 3 drami. 

acid, Hnd the iLFnnomeiei ilnKi liom i; 

■eid (diluted,) 10 inuoa, — freeieB idmoi 



* 4 drains, chlori.le of c . 
:rcui7, and IhethenoDmetenii 
Df calcium 3 draaii. — lliia mix 



lery known liquid ; alcolial, bower- 






lelo— 68", il may be redUBtdbjlliii 10—91". 
re 28 oz., lulphut 12 oi., realgar or orpimenl (313.) 
Bulphur 2 oi., oipimeni 1 oc, ; ai niice 6 ox., lulpbni 
.__. , .. „ . , j^duiH wkilt fire ; irj •allpelro 24 m«s. 






.. _ ... .^ .^uiiouslj dried neat the fire or 

Chiaacfirt ; meal pander (crushed ponder) lib., sulphur 3 o>., 

ran 2 oi., or meal powder I lb., anlphurcl of iron 4oi. Peilfyt, 

. ilnhut 2 at; gunpowder 1 oi. Rtd and pan fire are very diflicull 

to Dukfl, bul itoy m»y be purchased cheaply at Chilton's, in New York. The 

Toltune of fliUDe in ihcas lirs worka may be greatly ■ugmeated by Ihe addition 

ofa Utile Canada Balaam. 

(3.) Svlpharic acid 1 oa., water I oz. Tbie miilure will boil water in a eIbu 

tuba. Coacenttated aulpb. acid dropped into water eaiue> a biaaing aouud lika 

nd bot inin. — Rub together sulphur and potash in equal parti ; thej units with 

heat, and (arm sulphurel of potash. — Add 1 oz. of hydrochloric acid lo 1 ot, of 

muiunia, great heat will t>e produced by Ihe miiture. Moat intense heat is 

piodaeed when 1-2 oz. of hydrofluoric acid is added to an ounce of wat«r. This 

■eid aliauld be ponred from a leaden bottle attached to a atick, tour or live feet 

long, and the cup containing the water, should stand on the health, — Add water 

Id quicklime (p. 172.) Greater heat is produced by adding aulpharic add to 

lima.— Mix 1.2 oi.of almne sulphuric acid with 1 oi. of strong nitric acid, and 

poor the mixture into oil ofturpenline. The turpentine will bunt into a flame. 

fi.) ZlKonpotilwu hg OidaaTOnn. Color sulphate of potaah solution with 

. Pour this solution into a large glaas bowl or TBse, and lill two largfl 

■ Ubeswilh the same solution. IniBrl the lubes in the bowl, and underneath 

[<llltr6duce the electrode,' rising a cDnsidernbla height within the lubes. A 

in appear. Thesolution in the tubecoDlaininethepasi- 

_ __. omo red, that in the other lube, will become deep blue. 

. electrodes in this eiperiment should teminale in long strips of pIMinnm 

. To vanr the axpetiment, lake a single narrow glass jar, or very wide 

I, and within this insert both of the electrodes. The part of the nilutioa 

' eloctiodo will become red, while that towards the nega- 

. e deep blue. This result is produced by the decompoai- 

n of the sulphste of potash which contains an acid (sulphuric), united to an 

_..tali (potash.) When decomposed the scid goes to the positiTe eloetiode and 

ths negative electrode, and that portion of the solution Ihcrefoie becomes blue. 
To laiy this oxpoiimenl still fnrther, use cabbage liquor instesd of litmus ao- 

Ilution with the sulphate of potash ; also connect the two vessels containing the 
aololion withlamp-wickorfino asbestos, and place one electrode in one Tesesi, 
•nd the other etectrode in the other vessel. The dilFerenl colon in this ease 
'I 
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ill ■piKu in Uie diBrnnl micli, ror lite moid ind klluliirflbe (olutiaa wQl 
^jHiLrDUgb tlm Htiutu*. ibe Gnt lo tlw TMsel cmuiniaj Ibc po*ili*« else- 
IrwJF. ud Ihs KcoDd In the leart] coutuiunf Ibe ncgilm eleMiode. — Ii4i 



livdr. ud Ihs kcodiI In ibt tiubI coutmung i 

hrdof-Uoric e£id to a «alQlwii ctf njlphite of indi^.. , 

rUclrodo irhils thg buterr u in tamo. Tbe hrdrochloriB acid will be deam- 
poHd ia Iba (olulioa. lu ehkiniis Ml fnc will UmcA (138.) the nlplule of 
lodiao. — AtUiDilate or poUmlo ■■olu'wii <7f lUrch. PlaM the tiMieta in 
Ube HiLuLUHi, wid thfl iwuid af potA*n will be decorapo»d. It« ioduu set fro« 
wiUo^fV ilmA Uw (111.) If hrdmchbiic acid be now ulded, utd Ih* 
olf tnie ■slioB couliaue^, the aojd will be decompoKd, and the diknine wt 
In* vill Uuck Ihe blue iodide of ilucli io the lolutioD. — Prcpve ■jmper br 
Gomiu it with k •nluiion of etuch, to which iodaie of potuB hu been added. 
While the p^Kr u Will (naitt, place the poiot of one ai the etectnidea upon it 
aod draw liie poinl of the other oier it. This tail point will make a bins lia« 
wheroTer iteroM M the paper, for, io this linct the iodote of p^Auea will be d»* 
CO apoaeJ b^ the galtaau: curtent, utd ibe (ice iodine will »loi the flaith with 
trhicb it ia u eooIacL In thii maiuec, bine tetten and blue wniiB^ mir bn 
fanned with Ihe inelaUic point af the eteclnde. A eolutian of lilmui leddcned 
In hjidnwUaric add m^ ba btnched, bj placing the eleemdea in dw.aolutioD. 
Were il not for Ihe Ueaehing property of ehlorine, the deflODpoaiiiaii of iha 
hjdrochlorie acid innild renoiB the lilmua lobllion to ita odgiau Maaoalor, 

RUtbatyft dtaamjiomilimM ; aulphale of copper, with the dapoailHii of As 
metal upon anj- bngia metallic aurfacc, alao chloride of fr"*g*"***i uKvate of 
•ilver, BoeUleaflevI, moriate of tin. Hoai other lalt* of tbei* mcMa will 
■et eqaallj well. A itroni ■aluiioD of caiutic potaeh may be decoaipaaed, aad 
like ndeJpolauiuin (203.) precipilated. For thia purpose, ponr a thin almliiBKif 
mercury into a email glaai veiael, haring a Aai Louooif and add a attoog aolo- 
tioa of ctoitic potaih aba*e die mercury. Coflneel an ma wire fnra Hoe oe^ 
tire pole of Hit baUerjr with the mercury, and a platinum wire fnjm the piaiUia 

pole with ilie potaih ■olution. The potaih wiU be rapidly iliif |»Miil. aod 

tlie preoipilal^ ineta) will uniie with the metcuiy. fonniog an — ~'b"- Tlia 
■ wiaTpin d^ua formed has the property of diaioliriog all the other m ela ta . i I f ■ 
eonceatraled aolation of aal amnjoiuac be used instead of the caustic pols^ 
(A amalgam of meicniy and anunaiHimis farmed. (There lAouUtea tef*f«Dea 
to this eiperuDent ftom an. 221, ! la forming this amalgam the mercaiy ex- 
pands sreatly in volume.— The two last cxpe'imeaia may be performed more 
eailly fiy placing a piece of moiKeaed caustic poiub, or sal amtDoniae. on a 
plalinom plate which is connected with the negatiTs pole of the battery. TTpini 
the pDtain, 01 sal ammoDiac, ia placed a globule of mercury. When liie dicuil 
is eompleled the amalgam is rapidly fonned, 

(S.) Few eiperimenli can be performed in electio-magnetisui without a bal- 
leiy of eoasiderabte power. Among those mole ensity performed an the M- 
lowiaj. A wire is rendered magnetic by the galvaoio current. Connect the 
p-^ea of the balteiy bv a wire and it will auppoit uon fiUnp, Oh:. — If the cm- 
rent paisea bom north to south over a maguetic needle, thia will tura at ngbl 



id point esil and west, lie north pole in thia esse always 
points east. — If the needle is placed btlirv the wire while the current is pasainf 
iFotq north to south, the north pole srill ntfive towards the weat.-^By reverajng 



irmlthe positions 
Theae etperimeots may be still fsrthcr varied by paiiiDg the lalTauic ci 
Teitieall|( atlur upwards or downwardi.—By making and breaking the a 
of the wire with one pole of the battery, ami, cooaequently. making and breek- 
i^^.i, _..___•__•__. _... .. 'le is near the » * ' - 



teillste, and, if the current be sufficiently slroog, b 



aay be made to 



—{Otmtltd't Nalunil Pfcilaiojifty, p 

(6.) Into melied rosin one part put throe parts of lard ; ilie two will orite 
nod tana a canmoand that is more Suid than eithor of the consliluenla. Olber 
eiamplea of aflCniiy between bodies q( a different nature are salt and a 
•now and anlphuric acid, the meula and the acids. 

(7.) Hence sunilai bodies, as Ike acids, eipel each other I 



, . , . _._ , .^^ .n propertiea 

■ JSCydnwyajuc acid is expelled (iodi iu co<iiUiaJ.uiuwVi^\nT]>a.\>i 



nile wilk.*m J 
lieaM^^U 



EXPBAIUBNTfl. 

bocicby nitnHiB,iiiLraiub7iulphuroua, sulphnroDshy boracic, boiaci'^ byaortin, 
and ID UD in ihe follnwing onlcr. benviic, citric, inenic, tacUric. hydmchlaiiii, 
nitric, phmjihoric, oxalic, sulphuric, wbich eippli all thu oihen (rom Ibeir cooi- 
LinalionB wilb baryta. For all other baiea a liniilar (ucceniioo of sfltoiijes t^ 

r {S.j To Ij^ol-sulphateafsoda add 1-2 01. niIrauiofainniDDJK;ns action will 

oompoundia fluid. To 1-2 oi, aulphste of soda add 1-3 ounci aulpbgieof line 
and 1-2 Dz. acetate of lead. The aame ciTeEt will Uke place aa in the lust mix- 
tun when Iheae an lubbed together. Solution producea chemLcal aotion for a 
aimilarieaaon. Soda powiiera remain weeks without actioo unleaa water be 
added. Fuaioabu, in many cages, the same effect. Ice and aoda will nnt act 
on each other. Silica or sand and soda will not act. But moll the ke or the 
■ilioB, and the loda will diaaolvein the liiaed Diam. Potash and sulphur will 
not uniie until melted together, but after Ihia, the fused mass will diasolre in 
water without separation, while, before fusion, the polash would disaolirB, (Uld 
the lulpbut remain QidiasolTed. The pobub and sulphur may also be united 
by rubiung togetker in a mortar (Eipt. 3.) 

(9.) Ai^ammOflia and lyanogcn are each composed of two eiemanta, Iheir b»1w 
contain four elemeaU, aathesulphBteof ammonia, which contains sulphur, oiy- 
|en, and ammonia (nitrogen and bydtngen), and the cyaoate of potash, which la 
composed of potash, oiygen, and cyanogen (carbon and nitiDgen). In the ilaiblc 
mill (3S3, and Eipl. S6.I tfae number of constiiueola is often nwre than four, A 



« aided ~ mes in ase 



Ided. Thus water will dissilre more qmcklime when sugar is added 

■a eiceedingly hard compound. All Ihe compounds of platinum with tha soli 
raeuJa are quits hatd. Theleaatallov of platinum produces this eflbct; hence, 

whilecalomel.lbecolor ii changed to a dense black.— Almost all tha salts (p. 
93.) of the raelals ate entirely dilTerent (rom the metals, both In Iheir appearance 
■Dd prr^ieTties. Sulphate of copper, chtomale of potash, the suits of mercury 

(11.) Imn takes away acid from eopper; henoe, when a polished knife blada 
is plunged into a solution of a copper salt, the iron is dissolved, and metallic 
copper ptecipitaled. which soon novers the knife with a coating uf copper. Wa- 
ter takes alcohol from a solution of camphor ; therefore, when water is added to 
ibis Bolnlion. the camphor is precipitated. 

Dnjn ■ little anua smmonia into a aolotion of sulphate oF iron. The aolphu- 
ii« acid of the sulphate of iron will leave the metal lo unilo with the ammonis. 
Sulphate of ammonia will bo ftinned, and oiideof iron bo precipilaled. 

(13.) Nitrogen uidoiygen in one prnportionfonn nitrau oxide. When tha 
oiygen is doubled, they form min'c axiili, which is the neit compound above ni- 
trous oride. The next compound, Jkypnufroiu actii, contains three proportion* 
of oigien. Four proportions of oiygen with one of nitrogen, form tulroiu ociil, 
and five proportions nitric acid. 

(13.) Fig. llOrepreaentsthebestmethodof preparing this tube. It consisU 

of two pails, n. and i, united by the india-rubber coa- 

Fig.llO. neclor, c. This lube may be ptesened and used for 

other gases. The Jinibtc rnd, b, vili be found very 

( 1 4.) What remaioa in tha dask alter Cooling (this 
ahould be gradual) may be dissolved out with nvter. 
Tht luU. t.thindd nil be Uft in Ihe water after the t" 
ha eeaied ctmiag mier, as the gaa within the 6nk will 

•ontract when the lamp is wiihdrawn, and aomelioMs before,aiid Ibis cmtiMtioa. 

Wn draw the water up the tube, b. into the flask, an4 ^wdnce mn e-is\™™ft. 

r .tiS.J 7in> fins wires should be ptepaitd, oi Wo wttiAtipvow. 'J™ "■ ^"^ 



IB dlMWUT, Tb« Mb«r w 



KLCMurrs or casMiSTKT. 

ilf into ■ ooB. 



MOiwatdHmriiinilwuldlWDUilr IntoaooQ. by Uklsi oui tba Inmr uri 
■'- ' ' ' -' ■— -'- ■" ' -'--mid 1« tbaiil «luU( K 



h-apruu,ihsaldbe bft Mrsifte Tb* 
iidenbM aire, lo inmrc necH* add 



I 



JM, » •■n«ty<rfh««Dliful elperintenU mst be , ^ .._ 

or without the fluncofiipinl Itmp, ■ocariung la the eipertineBt Id be pfribmid. 
When (be object La nippotted on ebircaal, ■ Ivap ligblei ia ofteo preferable U 
• apltil IwQp to comiKiice the ctmbaiiioB, altf r nbieb H i> omUBDeil br the 
dnROnl uu th« bodT eiperimenied opon. To me this jet, ia 



tb« beat ((Teet. ll di«t be made t^ winding atnind Iti 
riilnebeaof eouMOinii>ntiue«l,ao*aiolonaahillebail. Thia ball inltes 
dipptd lalo lulphur. Bafore intndaBing (be wit* otto tha Jii el oimt, •* 
pvichafthc lulphui ■houldbe allowed to bam off aa pooaible. Tbiawlll hnl 
tfce^ of (be win lothe requiaite tempentore, and the waate oT oiTgen ibIIm 
conauaiHion of alarfeamountof aulpbut will lie tToided. 

The tiillawing experimenla maf be Iiud, (o illnsErale aoina of th« maul im- 
portant pnpeniea of^ orygen. — I. Effect on a candl* introdured into a jar e( 
oifRen. 2. ir tb* canJli bat a Itt^^e wick (*i that of a lallvw candle), v*M 
waiM if<uud itftw tung U«n nl. it mar « nlighted in oif gen, and tbia «• 

?rinml may be repeated a f real nombec of limea with a email jar of oxrgo. 
Sura phoagihanu in ay/^BB — a piece about the aiie af a pea, io (be d^tgn- 
timf Mftm (aee " chemical apparatm'^ ; — do. coOoa or catlnnird. 6. Sbitw^ 
l>. eioinen, bj pouring it oat on an eitingaiihed taper or lamp llgbtcr (as* 
'■ebemicMpincmei"]. which nuji be relighted in tbii nunieT. G. BamcaoM- 
choDc in oijgcD — on lite end gf a cfitMr wirr, or m tbe deflatntinc ipoon ; — 

I do- camphor, anlphor. charcoal (that of Ugbl pine wood, or IhnonMjr chund 
baih). pDUaaiuts, red fira (Expi S.t. in tbe deflagming apoim i baraeie acid. 

' wliate of eapper mixed with a amall qnuHity of alcohol to inflame it, ubuapliala 
Of tfij' aah olaoda in the aame iiKy, nitrate of Bttonlia with alcohol, rakmde of 
lime do., •eienl of the oil*, aa oliie and lioaecd oils, on coUon attached M a 

india-robbetbag nuT be uaed t» ptoduce a jet of Dirgen gas, and br ttua 

made in thechaicoal vupport (bj boring with a large acrew^lrirer or anallohiaeU 
inlinduee the bUowiDgaubetancea;— ailialeof airontia, nitnte of copper, bora- 
eiE acid, amber, ihun, aulpbocet of lead (which ii fint reduced, aad tbe nietaliia 
lead aftrrwardi burna), acetate of lim^ metallic zinc, meiallic copper, aolphntn 
ofiiODj waicb-apringa broken np fine and introduced isto * deep c»i()r of dM 
ahareoal, and eocered with a tittle lamp Uack (tbe; arc lint healed red hc>l,ud 
then f1 J off in a ahower of brilliant aparka)H inm filinga prepared in the aame wa^ 
aa the walch-apringi, carbonate of aoda, aatimonr or one of ita aalta, oiidea uT 
ailnr and |o)d(which are reduoed lafvlrtnUiaii, 211.} 

The agency of oxygen in prodocinc colon ma; b« «hown by a variety of e>- 
perimenla : — Damp faded attk, placed in a dry phial of oiygen gaa, iinbibMtb* 
gaa, andia«fewday<i>realoreduiiiaoriginalbnl!i*Dcy, Thii effect ia. hcnr- 
cver, aomrtimea d««n>yed by the pteKoce of ceilainmordanM 1251.^ A eola- 
tion of proloiida (protoanlphale) of iron ia at finl light-yeliow, but by agitation ah- 
•ortx oxygen fiamtheairandbecomeareddiab-brown. Fhwrapar.andaiaatal'lbe 
g«ni. owe their cotota totfaeoiygea with which they an eombinal. AlmoMall 
the colon produced in the arta are manufactured from meiallio ondea, and AM 
only (beinienailyof Ihecolor, but alao the jbnl depeoda, in a graal (netmn. 
apoa (he decree of oiidation of tbe mriallic luae. In thia way, frmi faodie* 
vhleb. with lew eiceptiona, poaseaslitllebeButyof coior, the moat beautiful and 
brilliant i>oIon are obtained, — Light, bydeoiid)aingBuba(anceB,eauaea tbeil sol- 
an (o fade, although in other caaea it darken aubatuicea by ptodncing deoon- 

(16,) The action of oiygen in piudaeing aeida and alkaliea, may be beantilnlly 
ahown in the following manner : — Into hpo glaaa baaina or vaaei. pom a aulution 
•flilmua, aadaponaaiandinoneofthe vaafa ignite a tittle tulpliur. Oertba 
burning aulphur, invert a jar (eomjiarc Fig, 37,) The fame* of the bumf 
Dhut wilhin the jar will form aal^^unnii acid, and Ihii will be abaorbad 
ninio>aalatioabencUh,the color o( whictiiitHchini;! (a red. Into ' 
r, place upon ■>>aiidapeUir\at^aoa»imaiifiA«>A<Ha- '* 



EXPERIUKNTS. 

>( the go- 

In the first esse, ih'erefote, ajiaeid was foniKd by (Iw 

9 ofaulpbiu with oxygen, latl in the accoad cue, an alk»liby the unianof 
lin 1rilboi;gen. Tba eiperiment may l}e varied by using c^ibage iiuuor 
■doflilouiKalulian. Ttaat uiy^eo itaetfia naither acid not alkaline |at- 
(h man J of ihe gaaea ant, 14T. 156, 158,100, lei, 1G2.], may bn proved 1^ 
. mtiUfta piene of litmiu paper fmrnthealopperorajai, and then filling the 
with inygan. Blue lilmua will sot be colored red, and reddened lilmiig wiU 
noL be tinged blue. 

(IT.] Tb« air witliia the ju at fitUeipanda by the heal ; it must, thererore, 

.(Binlhejat. Tliii may be occoinplished, by alightly elevaiingone side by pla- 
cing ft imBJl (uppon, as a piece of Biick, under that side. A belter method, 
kVrlupe il con be adopted, is la use a rtopprred jar iseo " chemical apparatus '*}, 
•ad lolhe opening allach ■ bladder. Press all the air out oF the bladder beft)re 
unerting llie jsrarEc the burning phoiphnmi. The sir in this case will fiud 
■uflicisal loom for eipansion witliut the bladder, and none need eacapo Iroin be- 
Beath. 

[18.) A taper which has been eitioguiihed in a jar of nitrogen, may be relight- 
ed in s jar of oxygen, hut this must lie done so quickly that a ipark of lire ihall 
remain on the wick of the candle after this is withdrawn from the nitiugen. 
TLis cipefimenl may be varied by using three jars, one of nitrogen, aniKhcr of 
oiygeo, and a third of comnnn air. Id the first the candle will be put out, in 
the iGcond relighted, and In the third it will bum as usual. 

[19 ; Nitrogen may be preparrd frnm animal fibre in the fallDwini manner : — 
Wash a piece of beef well, arul cut it into small pieces; put these mtn a retort, 
•od pour eome diluted nitric acid upon them. Apply the heal of a lamp, and 
'- -erC the beak of Iha retort under a receiver. Nitrogen gas will eome over and 

ibe JBi. This is one of iho best melhuds of preparing nitrogen. 

30.) One ofthe most impnnaot points iu chemical manipnlalinn, is to make 






id fill up the space bi 



with pollers' clay. Add enough clay to corer entirely the i 
■'^- gun-barrel and th( ' - " ' -'-'"■■ 



■ip o/ clolh uill Ui 

. .. Then prepare some strips of cotton or linen, an inch ot two wide 

and about Ivro feet long, rubbing moisi clay over them. When they are well 

■MunUed with clay and covered with s thin, amooth stralum, wind one of then 

lund ihs clay at the junction, and bind down the whole with acoid of screoil 

' IB length. One sitip of cloth may be sufiicient, but it ia generally best to 

seTeral. Bcfett uiinding thr card aver tilt cmtralpart ef lAe jtmciian, bind 

with ntrd ^e two ends. This will keep the clay iroia spreading, and caate 

winding to bind it into one compact and film mass. In some ca- 

_ (atery vapor ia to pass through the lube, while lead may he used 

ui of, or together with pollcra' n' 

' --- -^ ■ ■ ■—-••j perioral 

out by the leaves.' 

(21.) It is not easenlia! that the necks of the rctntls should ptui i&raugh the ja>, 
liir the camhiued gases, or the watery vapor ptoduced by their union, being heatfd, 
will rise. The eiperiraent may, therefore, be performed hy lighting the hydro- 
gen in iiiisopentiri^erilKaiMinmiifllirconaamair/romaUhiiillmretiinnii.) 
AfWly tlie lamp to the otiier retort to drive oB! the niy^en, and bring the |ar, b. 
(with the platinum suspended from the cork and reaching a lillle distance tebig 

lilalinum fponge, 

(S3.) Thepieoesofiinc should be about an inch square, if cut out of aheet 
»Do: if made from block zinc, they should be graautalid. For this puipose. 









KLKMima or cBBUSTkr. 

lin •bout in pvU of wnU 
lettrA belim bring nm 
whetbtr it hu ccued la 



•; be <h . 

Oa.) Pour loaa Ufvng lulphnhc Hid oaa fewBieaa 



wUl anaxMDC* ■cub, ud IhiM it mu be natwed tertnl Innei. by uUii 



uu be naewed tertnl innei. by hMiM 
'Ul buidc* liDE. Ibal i* taxiij oiidiMd. 



jr Mod whish will diHMlie Olid* of (imi, lujr in nawd aulf ad of sid^nuic 

S.) Ob uGouni of [b« ligklBCM of hydmgtn. t hrlt rung in ihi* gna «iU bml- 
■lUlMilc. The bill m; be Rupended ob ■ (nine tljoat ibe heijlH si ■ jir, 
Md ■ Kinnf itucbed whicti ahall tewb beiMMh Ibe ju. Corti Uie bell with 
tb* i«. wd intndiiee taTdiogen fnm the junineln, or from ■ flak : if lbs ixdl 
fi* mag, iM Ume wiU ooaliiiue lo gnw builet u Ihe ju fiUi wiib bjrdmgeii, sd- 
lU it u Mwcalf uidibK 

(34 ) For lbs purpoM of inhiUlinn. hjrdrogeB iMiTbe. in a {fed drgiee, ^li- 
fted bj pMeiac It Ihiough u alkiiline ■olulion. (See unugemml far wwhiog 
|H ■' ebrmieil ■ppsnlua."} Fill en iadi(-njbbei bug wiih ibe gu, or fiQ 
Ihe InauftT jar (nee "rbemieiil eppeimliit "), end tiucb In ihe (lop^eoek of 
tbe jHf «a indJB'rabber labe. ndd ibe jez ovrr Ihe pneuHXic eieteffl, 
and Inhale ll>e gu. Ai ihii ia oilbdraini fiun the ju ihe water will riae, asd 
wheti ii IB ■«■■» ethaledttie waieiwillainli wiibiD ihe jar. Alter liiree or lour 
ia<wlBliai«, atlempt ta apeak btfirt hnMnv t/ie gat Jnm tSt bngi. The e^ 
iHt on the Mnce wiU be imnifeat, but vill Kon diiappeu. Il la unneeeaa ai y 
to breath* a great quantity of the gaa. 

(SS.) Soapbubblea may he eiceeitinglr iraMuied liy ttie addition of a nrj 
MntUquaBiHT {l-lOOpartlof albiekguiD-an^ioKilulian. The lichineaa of h)>- 
dragen majiilw be abawii.bj taking abell-glaaaFaliaf thia gaa and iaeeniogit. 
Wiih a taper the eicaiiing gu may lighted at aons distance above Ibe bell- 

(SG ) TheK tonea are ben mnde by a eery Email fiimu from a brmja. Hueb 
dependa on tlie (onn and tiie of the jei, o bmh ehould be smiill, 

(27.) We hare generally performed Ihia eiperimenl with a large, hmken lobe, 
aaltieMek of aieMiit. Theaarae arranesBieDt may 1>« used to perfona aaoilMr 
•ipetinwat. While ibe hyrirngeai* burning at Ihe moulbof the liall-ghwa, iD> 
tnidunaHnall wiafDiyaenfrafliabtarldfr provided wilba>iop4vofc asd faa- 
let. Thiajatofoiygea will bum on the uleriorin ccuilaol with bydtDgen, and, 
(bra. tireaenl a luminoua ODne. like Ihe common blowpipe hne {ISO.) 
It I IH.l. Soap-bnbblee blown with Ihe mixed gaeea einlsde violently onttie 
--'— -'-flame. AbaainblBwa full of tbe» bubble* will eiplode wiAa 
A bladder filled with the mixed niea may be eaploded by 
piereiag it with a ptriniea wire heated red hot. A deafening eiploaian wHl ea- 
aue, 1'his miiture mny be eiplnded by ihe etretrical epuk. and the Maddn 

puto Mnoiated Hbout 1-8 of an ineh), by meuiaofithich, Ihe mixed Eoeeawilli- 
in may be eiploded. 

(28) TeeipenmentSad, ihin fact mny be adiled.thBtnaegnmifntfedaeid will 
act upon line and limilai melala ; a few dropa of water will, bawoer, bring 01 

439.) Cold witerukeaup l-730af lime; hot water only 1-280. ipaHel 
tmling water will diuolve S 3-4 grainn of lime, a pint of freeiing water. 13 1-4 
giaiita. Ponr a little lime into eidd water, and Btir it np with the water far a 
abort line, then allow il to aettle. and pour off Ihe cleu liquid which eoiMiaa 
llrae inaolutioB. Heat Ihia solution to the boiling poinl ; aa it beeooie* hot il 
willdepmilBpaitionofilalime.andihia wili be diaaolied igaiD « ilcoiria. 

(30.) Tlie water STaiwraled by plnnU ia perfectly pure ; at leaat it doet sM 

eontain 1.I0.O0OJX10 of foreign matter aheorbcd from ■' 

aolid mailer drawn up with weter from Ihe nwiaufpla 

which that water waa charged, are absorbed by the planle, .. 

Ilmir nnHrisbmenl. From Ihe leans of plant* vaat qnanliliea of pui 

ertpotaifd. A sun.flower,3feethig\i,ei»¥o«lo4 iaiVj'Ki '-■ 

lily 17 limes giealCT than tltH. Wat by inaenaiUe B*=«t«"* 





T of aninutsnpprDach neiiHy to IhB fluid stale. 
They appau'liks ssoft, irBnspHreni)ellr, whinli. Iiy ■pDnunmuB decoupoaitian 
alter dealb, orbylhe spjiliciiioii ofheiit. is rasolvt^ olnxwl enLirely iota k watery 
fluid. Tlini ■ meduu weighing Sfl or 30 pouula, will be reduced lo only ■ few 

193J Aiiipof wood ■eton fire, and held »ithsjnurofpiDch«rsinilentuli« 
until Ihe TolUiie portions of the wood hive puacdoff in dime, will illustrat* 
th« ptOMM of rankin; chircoul, — Strong aoidi lake the oiygeo and hydoigeii 
rnmi «iwl, indthetebfv letve the carbon, atcarbamtri]\e wood. Hesl increa- 
■eB IheaciiDn artfaese acids, ir, therefnre, writing is made do paper with com- 
ntoDmlphuric acid, it will ha iniiaibia until heat ia applied. 

prevent the psaatge of Julius Cmiar and hia anoj, Thcao were found Marly a 
onturr aince, with ^oir he«t-wood Mill »lid and firm, and their fonni pre- 
•orred complstsly. The writings of the anoienti are still found at HerculanBUin 
^erfcMly blaelt. The buii ot thoir ink was finely divided charcoal, 

t34,) Reoenlly i^ited chiHDal, slnorbsSS time* its bulkaf hydmohloticacid. 
90 do. of ■mmania, GS of Holphomu*, 40 of nilrona acid, S'5 of oiyien, 9-13 of 
(Mibonic acid, S-2& of oxygen, 5 of carburetted hydrogen, 1'7S of hydrogen. 
When agitated with water conlBiniog sulphuretted bydrogen, it ahaortn thu gaa 
•ad the water bedomea inodarout. CInthes may be restored from any diiBgre*' 
abie sdor which tbey may have acquired, by wrapping up in ihcoi, foi a few 
bouis. some piecoa of animal charcoal. Animal charooal will abioib even lime, 
wben bailed with lime water. Thu property ia notpoueaaad by lamp-black oi 
vsgettble ehaicnal. 

[3S.| Boil aone broWDia^ in water, and add in the boiling aolation aonw pow- 

IhroUfh a bed of charcoal! feet in Ihicknesi. This cbantoal tnajr be coDveni- 
eatlj placed ia a tubeorin the broken neck of arelort. Charcoal of obatred 
Uood ia most efficaciDiH. Wood charciHl haa very little deooloriiing power. 
Aloluiion oflulphale of indigo, filtered through a depth of a feet of animal char- 
eoal.will paaaonl entirely colorleu. Common vinegar boiled with cbatOMl 
powder ia rendered colotleaa. 

(36.) Place a large wafer on a pin, or hold it with ■ pair of pinehers in the 

It bumi, the red oiide of lead (Ml ,) ii reduced by the charcoal of the wafer, and 
little globule) of bright loelallie lead fall out on the paper Mill oi. of red lead 
with 1 Di. nf charcoal powder in a crucible, and eiposc the miitlure to a red 
beat loT 1'4 of an hour, then pour out the eontenta of the crucible and melsllie 
bad will tun fnim beneath the powder. 

(ST.) SBCZeS,^70,2Tl. £90, SM, 399,301, [lulphuret ef ulver in eambina- 
tioa with BUlphuret of lead), 309, p. ZIS, 313. In Uontaeiiat Iheie ii a moun- 
titia which in one pait la eoverett with deposita of lulphur, derived from the 
dacompnaitian of aulphur vapun which iaaue coniinually from fissures in the 
L, altended with great henl. Near these jisaurea respiration is impossi- 
le metallic buttons of visitors are inalnntly Umished. The aulphur 
iicily. the crsten of volcanoes, and the Salfaiira near Naples, are the 
sesoftheiulphur ofcommerce. At Solfatera, the deposit of sulphur 
1 kind of aunkep plain, aurroUDded by rocka, which ia probably the 
Pnnilhia aincelhe age of Pliny (A. D. 60.), t 



1 of the sulphur used in Eunme haa been obtainsL 
LOt springs of Iceland dt '' ' ' "' "' ^ '"■" 

nlpbuT springs of New Yatk, Viritini 



le noriion of the sulphur used In Eun^ 

IS.) The hut springs of Iceland deposit sulplil 
" l^of^Newy- ■'-■-•■ f- 
I above, then 
charged with aulphur. New fissures ar 
1, while the old ones are stopped up. 



BLBUKNTS Or CBEXISTBT. 



.) Ttir mUiMtlioB rf milfphur rosy he perToniird, by plac _ 
nibMbhpkuibolpieoaoliiH'Ul, »ml emeringitwiUiHlafgB tall<lii»«. 
' IB IhJI-jIu* , or > Urfc luokro Leydrn inr. if il i* to tw obtsiDcd. limald 
^ullUMHMwhMdiOkBlllamiiufelbeooiLingorsolpbQifiijiDlhi in- 
— FlaM ■ lirg* liilie, or the bnkkni iwck of ■ ittDTl, id 




W U Iwit • lilll' -' 
fuljclloWKT' 

■ulphur rav ^ ~ 

- ■ ■' ^«t• of poiii- ' 

.i.bythcr.^r. 

Aibomle ofpoUah ^r 

;l OTi-i the Gn, so tbal 

rn Mack, tbcn fote and a 



nier be placsd Bpfn a fire 
-V giaduslly.it irill u Gist 
I UnaUj eipiade wilh a tn- 
plaiiaa is so greni, thu tbe 



r ilryimveT, 

r.Dllwrlimd nmducten dTIibu, phfupbocuc will often pau irDni aiUis of (low 
' npid ooiDbiixiioo 1104.) It wfliUQes man rcadil)' ohen duMed over 
■II quaniit); of powdcrM chsroiHil, oi the finircn of solphur. Thii 
ua combustion afpEuHphonuit or evrn ilfl oxidation, u»j be entire Ij pn- 
- ., tho preaenci? of a small qilaDlily of olefiont gas,orelbcr vapor, of thnt 
le encniial oil. It maj eien be dutillul to la atmoephere eonUiiaing itn 
of turpentine in coneidenble (|asD(ity. Etch in part oijreen Ihia alow 
Uondoea not la on, at least lU a Ismperatnre of 60°; but if thii fai bs mn- 

hov thii, place a piece of pho^borui ia ■ phial of oiqigeD and otoe Uie 
.1. Ari«r some houn, open the phiBl and no fumsi will arite, No<r nix 
I the OTj^en in the phisi, a amall quantity of either nitiugeni hgrdioeen, oi 
oDie aoid. aod net aside aa before. On remoring the Hopper of Ibe phial.* 
phomacaDt fomea will be emitled. Plane abilof pbosphoms b«tweeii fwa 
ra of brown paper on a labia, and pmaing on one end of the paper, twtd it 

f. Rub a (MM-korei the pboaphoius. When suifiiueptljr rubbed, eeptnle 

I Ibe pBperi, and the phaapbonM will take tire and bum rapidly. Tbia eipBiiBMB(< 

'" tratcs tbe nse of phonpbomn in matebea, where by sudden ewdeiuiitin and 

ion ao much heat isevolied thai Ibe mnlcheatake fire. To inOame ptaoapbo- 

under vratec, put a fen Knioa into a glaaa uimblei, and pour boiling mter 

il till iheglasi is half Riled. Through h bent tulw project sunall atrean 

lygen upon the phogphoiui. and it will lake lire under the water. Tbeniba. 

jfl oaafl, abould be of conalderable length, aa the phoapiLoms ia fr«)uerillf 

nn out of the water by the tiolence of the aoiioo. Tba cilreniily ahouM Iw 

_. mom 10 a point, to give alineatreiun of oxygen. Phosphorus aMoiba oiy- 

■en from the chlorate of poluh (309.) with eiplosiTeeoaFgy. One of Ibe moat 

'olenl fiilnunatinji powders iacorapnaed of ehlorale of potash I grain ,. phosnbo- 

sl-Sgrain. [fa small portion of this mixture be Xcuck on an mvii, a loitd 

I nport willeniue. lodale of potaah ;21Q.)may be uard initead of the ehlorale 

^is the following proponinni : — lodate of rpolashegn!.. phD^phoms 3 gis, Ni- - 

I of bismuth may be uied ia the propoitioiis, nitrate of lNSfnutb4 eniia>, 

'phorus 2 grains. This powder may be exploded by Iritunuioc in i noitat. 

Ii Z gn„ of phoapborus, either nf tiie following siibalaDeea forms a rDlmiaa- 

powde[;-nitnteof ailreiB gn., silrale of cupper 12 gni., njlraleof mu-' 

4 grs., nitrate of potaah 10 gis. Id theso eases, the mixture sbDold bt 

iped in H paper, and elnlck wilh a hammei which has been heatcilialb* 

If apioiTe of phosphorus be ^rumiheaTttyonasmall globule ofpotuMUOi- 

id combualian will enaiie. In this cue. bMli the phoaphonu ariil the p»- 

lium bum by mean* of tfaeongen of Ibe air, the phosphorus being coHTertsd 



Iniu produced, u 



ih the base potash to form pi 



Sodium maT ^ "■'"l initeid of no 



BTp«rinwnt, and thephoaphale 



poied b( ptaoBphorua, whinh lakei the aiygeo of Ihe eacbonic icid (JGO ) and 
ksiTFS behiBil the cutiun and (h« lime. For tlua (jitrpuse, the phmphorua ii pla- 
oad in s fnicible, Hhicti ia (hen filled up with ohslk, so « to eovcr the phoApho- 
nuoloselr- The crucible i< theDOOTBred with inolhsr orucible and •ubjecled 
to ■ red lieat in the fire. It ii ihen remoied from the fire, and, when cold, it 
will Ik round thai the phoaphorue haa burnt uiih the niygea duriied fioin Ihe 
oBrbonnte of lime b; Hhicb it naaaurrnunded, and that this hu become decom- 

■ilver. andlhemelaHicailTorthuB reduced, cove ra the phoapTionia wilha bright 
film. Phoaphoru* msir he diasol'ed in ether bf bailing in • phial, or small duk, 
agrmin of phaepbonis in an ounce of ether. Whenapieceof cloth ia fret «itb 
thu ■ulnlton. and then eipoaed to the air, the other evaporaloe, and a thin coat- 
in; of phuapharutia leltoo the doth. If the dath iaaowimraeraedin a •olulioa 
afgobr, ^e phoaphorut «ilhdrewa (be Dijgea from the lolutian, and the gold 
Ibua reduced will corer the cloth in every part. 

(41.) IniertasticlL ofphoaphurus in a quill, and write on IbBirall ; the letter* 
will beluminnus in the dark. In thia. orin *n>- othet eiparimetit with phoapho- 
nu, the phoaphamg ahirnid not be handie'ttxcepturttUr water witk vet hands, Jf 
tbe phoaphoraa Inkea fire, it ahould bo plunged under water or imofAered (it Dao- 
not burn nitbout oxygen) in eone other way. A hmmtnu mixiura ia made of 
laid SpnrLa, roain 1 part; lathe lard and roiin, when melted tDgetber, add aoma 

pre»ent the lombuaiioB of the pbosphotua. When the pboaphorua ia fully dii- 
aolred, Ihe heal may be removed fnim the uiijiure, and ifie latter be uncorcred. 

gradual combuation of the phoaphorus, will be w great ai 



. - . . ,248", (turpentine (3IB°;. . 

Ita action with these liquida at the boiling heat, ia so iiolenl Ihat it cannot ba 

at boiling lieat, by placing ilnn aamatl, thin, ^laaa cipaule. or any body capnbla 
of ftuating OD water and tunning a support ior tbe pboftphorua aihuJt 4Aatl condtaet 
Aeor. 

(43.) Phoepboiuii eryilDliiea in dodecahedrana. Theae r.ryatala may be ob- 
tained fism a hot enturaled aolutian nf pboapbofua in naptha wheu this solutina 
■»dIs, and may be preserred in Ihe naplhi 

(44.) Tbiacoli ' ■"- " '" " -"- 



ecled In Ihe displacenienl ol ai 



Tbi 



bottle full of the g 
I color will 1 
ty.therefoie 






le ia peiiectlydry. and tbe gas m 
trmn wiiii luujnir. riitroua oxide gaa, fic. 

(4fi.) A little moiil Dotton placed around Ihe gas tube where ilenlrn the month 
of Ihe bottle, will prevent the escape of chlorine by absorbing it, and will Ihu* 
pnn>nl the diaagreeable effects which tlii« gu produces. 

(46.) Fill aqnart bottle (nf thin white glaaa] hall full with chlorine and the n- 
maiiuier with hydrogen. This may be done over water, but in a place noi txpOBl 
IB tiu direct rayi of ihiim or u bright light. Place the bottleooDtaining the mil- 
lure under a cover of wire gauie, and throw »pon the game abeam of sun-light 
from a mirror. The hydrogen and chlorine will unite with eiploaion, and burst 
tlw bottle with a loud report. The eaperiment may ftiil if the light is not Ibrom 
upon the holtle imovedistely aAer the miiture ia made, it may be found more 
conreaieBl to aet the bottle in s coveied boa. which ia tlien placed in the direct 
•uaiight. Draw offihe cover from the boa by a aliiog, and the miiinie inlbeboi 
will iiwlantly eipiode. 

(47.) The chlorine givenolTfrooirhloride of lime in the iipperpartofa house, 
will aoon descend and fill at] the lower slaries. 'I'hia it does v>u<.Vi ^ t<A t.'mMn 
ifte gravity ihan common air, and partly by lUc piinoiv^^ o^ ii^Miua cS viw« 



^^^; 



27* 



I 



(4S.) A uplendiil canibuitiDi 

HidaoriDdiaid iDreomniDn ■tiIi>ii»Tt« fmoui) in iha u 
— -,« ^IspApvrwvt wilb liupcDiine and folded in the fonapf « nmcn, win me 
■ fn jaauntly on 1wio$ lowerFd iotas jmtof chlorine, and bam wilh * Iniid 
^^ ~ ■ uid ■ ntj blirk *niak«, ariitiDg froin itui deme depoait ol nrtwo. The 
~ tch ahouldbi! held nilh ■ psu of piochen. >ih1 Ihe eicew of lurprBlins 

lo drop off bffore iuiroducingh inio the pa. Camphor, caouMtjouo, 

m, ftc, eontinuata btim wh*a inflamed and put into chluTDW gu. A jet of 
Idiioa will hurn tike BJKtor oijgm in hTdragen gu (Kip(.Z7.) (S(« fitUei 

M of Eipi. se.) 

.... I '•>^<a,i[,g In valer (ohlDrine walei) decomposra Ike wain whan placal io 

c, anilingwilh lUhydmgeD and giving off ilie oifgen. nirthniea- 

Ehbrine «atn prmnDKBIhe KsnninaiianDf awda.ai at)>gcB u the 

Blilvfatm io pmdacini and Mimalatinelhe fCrmiaBlioa of plunla. 

(SO.) A noaegar of flown™, made duip by picriouily imnwraing ihem in wa- 
^rand ihaking olTthe eiceci dT wiwr, vill rapidly ab«rt> chlsrins aod beeontc 
FHeacbed. If introduced in a dry atile, Ibey will be but little nmed db bylhe 
PehlotiM. Pan aatmra ofchlofine from a Iniall tuba into asolinion of iKmua, 
V^dign. or other ragetable infiiainn, uid in ■ few minulea the oolor will b* dt»- 
f Bhargtd. Pour one of theae aolutiona through a funnel into a Sutk of chlorine 
pfaa. The color nill he diacbarged as hflbre. Litmus orindigopappriibtcaeli- 
■ ed by BhlDriao. A almple bleaching aolulioo is made by pounnga few cniou of 
" tte chlorate of poioah into a Cea-Bpnonrul of hjdrochlDric acid. Tlui la diluted 

._;.v and aiilBtancea toaked in !i fofa short lime ate bleached, (^m- 

ii eOiaced when the paper or the writing i> moiatened and held ia 

aoluble in 7000 parte of water, but eren this amall qnanlily colon 
iwn. Iodine vapor may be ibonn by Tolatiliiin; a amall pariian in 
• huge jar, aiinilar to ibal employed for exhibiting (he color of eblorine [£xpt. 
''44.) 'rbe two jan, placed aide by aide, will form ■ fine eonlrut. The npor 
Hay aba he aliown, Vf boiling a little iodine with a fewonnceaof water in a 
Florence flaak. The lapor of iha iodine riaei along with Ibe lapoc of ib* wa- 

'— '-■ '■ or ia eeen lo greal adraBtage wbeo a aoruple or tin of iodine 

hot plate orbriek. 

J : J — J :.im jjij laroi loainoyaoor rti, , 

. . o defliipalini 

-,. .. . — . . ihrDRn on phosphoiua in i hin slim, will 

CORihine with the phocphomi. Heat will be eitrii-alBd, and. if the bndiea arein 

~ Kith airotoiygen. thapboaphonia will beinflamed. Tbrceor fourlhin 

if pboBpboiui should be employed, and he preiioiuly dried with tnlailDua 

(53.) A large rase of oabbage liquor is tamed red by a dnip or twaof mlphu- 
c acid (Stir the acid in the aoluiion with a glasa rod.) Add a >oal| <)aauiity 
of alkali, u potash or nmninnia, the orieiaal colon will be reiltncd. and by ad- 
ding nmie.adeep green will he prodaced. By a aeoond addition of noid lb* ao- 
lulion can be again reddened, and Ihui the ohangp of colora produced ■ great 
number of lime*. One grain of oialic acid (34l.>diBBolTed intbne nllmn of 
water, will redden liinuB pap#r. Solphuric acid diluted 35,000 Uine* «ilh 
water ia detected in the tame way. Among the vegetabls bluea wkieb lalli 
give the acid and alkaline reaction, the rollawing niay be leleaed aaenn^ea; 
— blus morning gloty, blue lily, triehoatema dicbotoma (blue eorla], betunu, 
dahlia, lady alipper. n»e (red), miranda. Infusions may lie prepared irf the» 
flowenaa direoted tor preparing oahbage liquor (aee'-ohei ' ' 
The noonaleep producea a fine red nlor with icidB, but no 
The acid we employed in the foreeoing eiperimenls waa oxalic acut, and Ih 
alkali a aalntion of carbonate of loda, Infuaioni of green leavea and atoni e 
plania will niually show an afrrrad'nn of eolothy acids andalksliei. The itai. 

_^-..i. ..-.1. .: ,_.. ly he removed by adding aaimonia, if the IWmjM 

If the ammonia naUMwJ 

»on.w«5ot»te, and II " 




(S4J Maka msolutioaofnilrale of ccipper BO weuk n to becnloileBa. Adda 
lime nmnKinu to ihii lolution, unit an inlenic Ulus color will be producsd. 
Tlii(En!ar Hill be neulrBlurd or dellioyed l>; ihe addJIion ofii lilde nulpharic 

eolut mar be pnduced bdiI lienrnyvd ■ gteu BuinbFi nf liiacs. 

(&a.) Gip. 16 aaj be Rpeited to iUusuUs the IbiniitiDn of acidi and illu- 



(S6.) To CBUalia polasfa Bolulion 1 oi. add lulphu 


Kic acid 1-3 oz. The com- 




lulphata of potash) is ■ mild 




uls — To cauMio aoda 1 ot. 


isformbj tbeir union com- 


moo »U.— Alum >> en eiBmple of en acid conbii 


ned wilb two bases, and U 


tten&re called ■ dmiiU tail (253.) Tsitar emelir 


.(343) is another e«mple. 
antimony and poluh. ■[■he 


The ncid (UHaiio) is comhioi'd with Ihe Ivro bases, 


nalure of these salt* lun; be iDUBlnted u followg. 


Addammoninlooialaleor 




, (ind the copper i* precipi. 




ammonii to the nialate of 



__„ <h salt of oi_._._ r __ _.._ 

■eid wu dsGcient ferbatb bases — the copper and the ammonia, and, therelore, 

■inmonianras added to iheoislaie of oopper. the aoid was in the right ciiiaolitj 
br both beiea, and Ihereforelhedoubleoislueof copper end smmonia was form- 
ed.— The double sails ate not mete naiUau of the simple silu lor the crjrslal- 
iiation of Ihe double salts is, in many instances, different from 1h at of Ibe liin- 
pkaalis. The double salt may be a ihotnboidal blue crystal, whileone of the 
simple salts is aflat, piiimaiic, white crystal , and Ihe other a green powder. Ate. 
(57.) Suspend a n»e. or a similar Quwer in • jar of sulphurous acid g«*, and 
it will be bleached. The color, howoer, will gradually relurn on eiposure to 
the air, and it may be restored al onco by plunging Ihe rose in water. — Tba 
{times of burning sulphur quickly blacken siker. forming a sulphurel ofsilier. 

_._!.__. .L i_i _< _;, — .L.._ _u._:__.|^ (iip Buiphur IB driTcn 

le methods by ohioh sil- 
Tsrcoin sreBomcmoBB iDuuod of a portion of their ailiei. 

(58.) The deadly chsracter of eulphurous acid is seen in ihe ooKDion practice 
of destroying bees by the fumes of sulphur, A bundle nfRiaichei ligliled, will 
elleatuallydestniy all the bees of a hire, sometimes £0,000 in numWr.— Insects 
for dabinela, are generally destroyed by iho fumes of sulphur. The fumes of 
prosaic acid (337.) are to be preferred, ai sulphur sometimes injureii the colors, 

(59.) See Eipt. T. Sulphuiic acid expels oiygen from the chlorate of pol- 
ish (309 A and id this way may be made to set liiv 10 a small quantity uf alcohol. 

(60,) Dip a piece of sponge into water, and afterwards wring it oal. and sus- 
pend it whde still damp in the upper part of a bottle which holds a Utile strong 
sulphuric soid. The acid will allrad the moisture from the aponge an rapidly, 
that it will Boon become dry. while the acid will be increased in bulk, in pro- 
pottion to Ihe quantity of water at lirat adhering lo the aponge. — Into a saoeer 

CrSoi. of sulphuric acid, and leave it exposed loa damp aimoaphere for 34 - 
n. At Ihe endof that time. Ihe 3 oz, will hare increased to nearly 4, on 
■ccounlof the moisture ahaotbeil rrem th- ' 






preieoi its escape into the luom. The gas thus prepared will form ■ line con- 
ItasI with the Itottle orchlarine (Eipt. 44.) and ihat of iodine <Bipt. 51.) 

(62.) Quills sre somelimes dyed yellow. Dip a quill into nitric acid, and let 

it remain &am a aecond to five minulesnceordinelolhestrenglhaf the acid. No 

idunediate effect will l>o perceited upon the quill, hut, on lakinc it out and ei- 

fc nosing it lo flight, il will turn to abmhl and lepj 4ai«iAa-i'S«iw. •\"HEt«^ 

p.£»/J be wasJied in walei attor lieins lalwn ottV ol ^t* »,«!..-■«»'>*»**>-' 




Bt-BHKNTB OF CHKHtSTEY. 



be eaond at muk*d id ihc « 



W Uii clntb. Aftf I 




Any deainble paUeni mv 



lUtno u^ likooldlK wBibedrnwiy (a pivTeot LOoorrofiiiiglh. 

' piece of RTawiag cbveoaL be ilropped apoa the BurlBCe of itiDiif &£- 
e Gbvoaai oill bunt into an JDieiiH fluns. CuIhhi ii reqoueil in 
jtnl IriilheTiolcnnal Ihg aclian (ctiter the niuic acid abmi. It 
^mr-y— — 1* ttinwe ioio «K>ng and bot niuic acid, il buiM with a a^ileDdid 
MtUnHioe. Veri HniiU quanliUea ofphiHpboniisbiwtdbe used, ai Iba action 
i> U0M<line1)r (iolent, and the pbiM|ihonu ia alien tbiawn about ia jcti o( 
tn. A tall aad nanuw leiael ii (EDeraUr emptored.— Piun ■ leit tube lifd to 



le fbnoed. Tia, linc, «t icd 



_...,.. . . • few diDpa of CO 
eaabaatiaa Hill lake place, and nit 
kot iron Glinga u»j lie inSamed id Ii 

(54') Carbonic acid may be pour« ifom uic >«bci iq ouvvdci • it tull uunr 

Elah a tight, n nddcQ litomi aolution ia the accond Teaaet. A light m^ alas 
fstinruiihtil byaalream of cartaoic acid poutvd directly upon it. 
(65.) TularewgraiDaofcbalkiBatallglaiiajai, and pout upon itateaapocn- 
fiil of hydrochloric acid, carbooic acid vill be liberated, and wiU fill Lbe 




i gai eiena e» 

o?oneluiig^lji«o. 

lor aerenil daya ; but when one lun( wu 

nhile the other breaibed (lUie ail. the aninial 

■here ponlaining one percent of carbcmic ai^ 



U may ba deauoycd 



■imoapbere conti 






. . . of Ihu jai. — CarOonio acid gai hulieoD applied lo the i . ._ . ._ 

EoTfiree in coal minea, viih neul aucceai. Theae lirei may be eitif^iriiad in 
Kane or two diya by ibia meUiod, while by ihe old method of sealitis up, ll«d- 

■ iinBiBnd pumping out, ^reat labor waa requiied, and monlhu. or evan ycaca of 
Vtime eipended. It baa been propoaed abu to eilintuiib Itie fiiei in ahipa ■• 
WUie nme way. Several *esaeU eontnining chalk at broken marble, are bi bit 

■ diatribuicd througb the lowest part of Ihe ahip, and near them other lesaeli 
-^ hydrochtuiir acid. The latter reaaela are lo bo connected with the 



nnet by pipee 



Bironi iriica lead tiom iheae •*!«■ lo th« 



roni iriica 

. ia diacorattd, ell mean. _ _ .... 

P«xtertial air mun be closed, and the TalTeanpened by means <^ Ihe mrca. TIm 
at amount of carbonic acid produced by the couUct of the aeidwiili^ caf. 
Donate of lime will Kno diapUce the oommoD air, fill Ihe whole <1^, aad •!• 
tlaiuiah the comboatlon. 

(6A.) A white precipiiair of eaibonale of lime is produced in lime-aiater, hf 
• Uowinginlolhe wMerthroughaiubeorpipe. The carbonic acid of the brnth, 
anitaa with the lime, and the compound being insoluble ii precipilaled. A pre- 
oipitate of earbonate of baryta may be formed from baryta in the same way. The 
latter ia a more delicUe lest for oaiboaie acid, than ibe tbrmer. atid will aoM 
deUecilB pretence in the air of the room when it iaeiposed. If ajaibe bdd 
fbr aometiiDe over a charcoal rijmace.and iheboaom then corered with a flan 
plate and interled, baryta or lime water poured in will deled carbonic acid in 
w laixe quantity, by an immediate and denac white precipitate .^The quanlily of 
Lcaibooic acid eitiaird, is greatest from II A. M. UI P. M. ; amalleet betw««ii 

andSA.U. Itiatdsi) greater wheu the bairaoeler is low. By actii* 

it ia ereatly inareaaed. Thia difference is enormoua in iaaecta. Tbdr 
when at r ■ ' ' ■' 




ilziaii of May other claas. — The amount ol 



f cold blooded 






BT Thi! temporMiirB of [h» Ix 

^i'hic^i« breuhed. Thus 300 ci ,..__ 

only S9 1-3 cub. ia. of carbunic Bcid i while jfrnA air respired duripg t 
time, gave 3S cub. in. The pmpn- aerBtioa of Iba bload ix tberBfom di 

oats xnalirBiB detect* a aligbt diSeience betweeo tbe air of a citmdcd ci 
that near Ibe liuurUnt regetsiioQ of ^he oountry in respect to ucboD 
Dnnng sleepier carbonic acid is exhaled, pio1>abJy on aceciDDtof t 

ttrr.) See Expt. AS. A better malW for obscning Ibe union of Iheae gmea 
is to fill a Cqlie 13 in. long, uid 1-3 inch intintal diametet nitfa the miied gases. 
-' - ■ tofuUlighl. TTiec - ■• • ■ 



w almost inataaily by Ibe cloudy appean 

cover up ibe tube and the action willcoas ... 

eipoBsd. Thii» by repealing tbe eiperimenl, the action of the light upon the 



Now cater up ilie robe and the action willcoaso until the lube is a second tii 



eases is bcairtifully shown, while {n)m the small tiie of the I 
BangBi in submitting the whole to the direct rays of the sun. 

(6BJ Wrap a jar or phial with a towel, and fill it with the mixed gases, and 
qaiokly let fall within alighted match. A loud explosion will ensue. The JBi 
will not burst if it bss an open mouth, and is tolerably thick. After the eiplo- 
>iiKi poor in a little solution of litmus, and it will be immediately tuined red, 
■howing the preaenco of an acid. Inio a simitar jar oflha miied gases which 
hnfe not been exploded, if a little litmus solution be poured, the color wilt be 
bleaehed by the free chlorine. If after ejplosion the bottle he immediately 
tamed mouth downwards into the pneumatic cistern, or a basin of water, ttui 
hydnohlorlc acid gaa with which it is filled will be so rapidly absoibed by the 
-water, that Ibe latter will rush up into the bottle until it is entirely filled with 
water. Tbe jet of chlorine in hydrogen gas [Expt. 48), soon ceases to burn on 
Bccsaatoflhe fomiatian of hydrochloric acid gas within the jar or Inbo in whiclk 
the jet is burned. 

(89.) Provisions put up by a certain English honse were for a long time in groat 
demand for abipa tnuling to the Indies. They were made to keep in a much 
beltsralate of preservation during long iDyagei t^ the addition of a little mu- 
riatic acid in each casic A large fortune was realized by the possession of this 

(TO.) It may be n«d to remote blots from books and paper, as it remores the 

add I M. of red lead lo 3 DE. of muriatic acid when used for this purpose. 

(71.) See art. 307.— Hydrochloric acid facilitates the germination of seeds 
which are immeiaed in it for some days. Seeds which do not otherwise ger- 

(TS.) Althouih this gas ia heaTJcr than comoion air, yet buUilea blown with 
Kiniitureaf)u1phurettedhydnieen3-5, and oxygen 3-5, wilt ascend. If lighted 
w^ a candle, these bubbles will explode with a loud report, forming water and 
aulnhurous acid, flubbles may also be formed with a miiluTO of aulphorelled 
hydrngen 3^, and nitric oxide 3-5. These bubbles explode and bum with a 
light ireen flame. IF the gases m these piopoitions ate mixed in ajar and in- 
flamed, a greenish flame will pervade the i ' ' 

with luboa passing through ^ 

broken olFso as to produce a very fine jet of gas. Into one of these tx>, uds jiiuu' lan 
raateriala for hydrogen gas, into another ihe same materials with a few drops of 
turpentine or ether in the aolotion, intoathiid the same materials with a litlte 
nitric acid, into a fourth the materials for sulphureiied hydrogen, and into a 

duoe flame* of different cotora.— After 

which is deiired. the remainder may be lighted as it issuea rrom the tubs, and 
thus Ihe color ofthe flame be einibiied, and the eflensiie fumes aioided.— A jet 
of larga aize and great beauty may t>o fbtmedby fiHmi \.be (.ia V»j, Vi'Cft»<i"Jt«^ 
leUedbrdni^DBDdfirinelbe jelsa the gas is dt\»cn oa\ qUVo \«%M ^™|f^i^ 
f7*J Iia»S"drtira with uelBle of loadVll\jaimuiioo\jK\«»a%*«'** <M<!i» 




■ LBMEMTfl OF CBXMIaTKS. 

fill upim thff ittll maul taifuK. Thn fi«ure> ui thea 
■ dMp Uuk culor (t>7 the roimUion of lulpbaiei of lewJ S we 
„... _lrfotii»llliro6pite«, oneiluidsciip*, tbs lecond tcarizatun. 
.1 TbI) gw IcvDU while pincipiuiei wtlh nlutian of [he pcnuule of iron. 
"* 'vUoiv precipiutei witb cadmitun, inenic, imd tin, Aptendid oruL§B 
a with uUiuuaT- lirowg wiiii Un, tilick with lead, mpp^i, bUmuUi, 
i, pliIinDB. mid BMtUK?. 
.) Tbo dlBcobualioD uf lilfer spooDi uacd wilb fggi is owing lo Ihe ml- 
ktuvittfil hgrdrogea nrauiiuid in Iha cgga. 

{TT.t The Tnasl of lead (baold be about 6 inchei long, ft incbei wida, ud 1 

ieh dtcn. Tbi piecea of |l>w alnuld be eui coiuidenblj' aoiiQcr, and bud 

e a woMleB auppon. wbieb iieutoul ia ItiecenlrE (fig. III.], w that Iheigltiaa 

mu upOB it onlj on Ibe oomfn. a, a. a. a. Tbs wooden luppan abiuld 

rif. Ill- he aantwhat lai^ Ihu Ibe leaden boi, and ibould test upon thia 

Pbni at the comen, li DiKv bi cut in a few minuiEt oDt of the wood 
of ■ aegaFbDE. If the leaden veaiel canDot be Gonrenientfy obtained, 
after the p1«te of glaaa ia ooreied with wai and tbefignte drawn, HU- 
round it (tbe plale) oith a rau«I eifi of wai, and pdut upon il dilute 
bydradiwne acid. Tbe funei of the acid should be carefuUy aioided. 
Tbf affect ma; alao beproduKd by dualingtbaglaw wilkaanu fioelir 
pawdend fluoc-apar, and adding a liule aulphuiic acid lo diaanfage tha 
!■• fram Uw Buor-apar. A put of tba caa will By off, and maj^ hedelacUdby 
ptactagaaeceitdBiecasfglua ottr thefim, butaiiotherpoitiaD wiUbenUiaed 
10 [ba Uqtiid, and Ibia poiUaa will com>de Uw glaaa beneuh. The laner proeeaa 
iriUaingtiW, a madBof uakingaaubaliDite for the leaden lenel. bj a (jata of 
^M« antan ly Conrad witb wu, and pmided wiih a niaed edge of Ike aama 
aatataatie. — A thanaanetar tuba, m a aiuilat ot^act, ii mariud bj being opMed 
■ith w«K thRMgh which tb( nqoiied liaea an tnced. Tba whole ia then dip- 
pod iato aulphuiic acid and alWwardsdiutad with Ouot-apai in fine pnwdu. 

(78.) Silica alao aaneaa Tai7i<Dpananl porpoaein the auBufaeluR of mar- 
far. It givei atrangth to tbe mortar by inlcipoHJng a hard aubalBiuw balWMA 
tiia tooae cryataline aUuctnre of the carbonate of lime . It aJaa aervea a> Duclei 
fotwyataliuiioa (like Bijcti Inaaaline aolutioa.) Tberefota tba hardsr and 
•harper the aand la , the better ia it auiivd for mertar. 

ni.i Silica ia depoaitcd in difleient pana of ptanti, eapecially in tba GmU 

Halkt of ihe leavea. Uence in Itme i he cella and leiaela of the planU beaona 

* Uogged Willi ailiccoua putidea. and thii iaoneMuae why the treea of oU coun- 

and watcb-Hpruig, xinc filia^^a and red 1 
• A DuUch made of ihm tiauie puer, wh 
aolutioD of nitioie of anunonia. will rdighl iathe gaa. 
leamuicni Ivqp -lighter. By the cambuatioa of thia mauan. duitjob ouu 
id.in intimate coutact with tbe ve|eUble fibre, and thenlbre 1^ naich 
nafilaelfbuntintiiaSame, when bghtedwilbaciiBlof fire. Phaaphani 

;plode»when a amall piece (aiae of a pin he—"- '-"^ ■-' ■■ 

DitKHia oiide, and touched wub a thick ii 
(61.) Dip a Uing alip o< wood ia nuiUed *i 
> coiered. liigjit it- atd, while feebly bui 

iSanie ii a<Bin. and when the flame ia livid immene it a aecoad tioia. The 
iw he puuQUined with great aplendor, of a delicate redoolor. 

towel, or in bubhlei blown from a aaa bag. The exploiiim ia *«iompani«l with 
aloud report. A bubble of pboapliuretled hydrDgon (186.) puaed intoa jai of 
ill oiplode witb a bright Oame. Someiimea iheae bubble* 
cc. Inihis oaae, ihe])>tiould not be allowed to accumulate. 
ona have Docurrad by inaltenlion in Ihia lEspect. 

paper within a Klaaa jar near the buitofD, and fill 




BSodi^ 



.platiuBm ipoon ia icuaetaed 
half may 




c«?itoa|;b \vflQ< , ^v 






K3PERIHBNTB, 

green by an allLuli. Oijgen gas pnxluGPi a more itiiking tffeei itiin common 
■ir. ind irbnih Iha otigen aod Ike aiicniia oilde are inire, the amlure (hrpoiil- 
Uoos aciii) will be enltrelj lUortwd b; the cabbage aalution, and Lhia ttllf liaa 
tai fill the jar. 

(84.) k miilnreaf Ihia gai with inlphurelur urban burna with a blna flame. 

(85.) By panine Ihi* Eaithiough luiie-wa»r{p. ITiL). ilmajbrriped fiomlhs 
cariionio aeid which it often conlaine. ll will thrn sot affcd lilmaa paper oi 
litmuawlution. 

(80.) A gai jet for huining (hii gas, may be made by bending a lead tube, la 
■howDin rig. 112. The bolea in Ihia jet sbouldbe a« large oaa pin's 
bead. This gas will not burn aa readily aa the iUuminalinf gaaea.and Fig. l'*- 
iherafore requires much larger orifieea m the jet. Some kimjile fonaa 
of gas jeta which may \>e usFd (ut this gas, oc lur Ilie illuminating gage*, ^^ 
Qfardmg lorht ttte o/theotifiia, are represented in Ibe accompanying ff*! 
figtitea, Theae may be made of tin, tipped with a small piece of lead " 
tube. (, by which they may he scrnncd on to the tiansfe t jar. or to the 
■topcock or the gaiomelei. A red hoi iion may be used to inflame carlnnic ox- 



e and htdrogen gwea, bat it will n 
(8T.) That even phnapboruB is no 

firatlBkelire, but will 



kindle the il 



Img gai 



«(p. m.) 



I unleaa oiygen be present, may 
luicinujD aiie in k teat tube. The pbos- 
phoiua nill at firattilie lire, but will be aliaast immediately miMAmd iaiiioiiD 
fumes, ll may now be healed quite hot. without funhei conibuaiion, and ap- 
pears hke a quiet liqaid beneath a stratum of white fiunea. Into thia hot and 
melted phnsphornB. (lip a slick which ia aomewhnl longer than the teit-lube, and 
■uddenly draw il oat to the air. A ponion o{ pboapborus will adhere Id the 
■tiei, aod will bum un coming in contact with the air, with a yivid, end almoal 
dazzling flash. 

(BSJ Thiseipeiimentmayln eihibiu 
tre, obatcoal, and aulphur, in three watc 
■irallarform. To ahow the eiperimenl .. . 
■upported by an iron wire armnd the rrm, ani 



maamall Kale by heatirig the ni- 
riyalala. or in three meinJlic disks of 
larijer scale, lakea large test-lube. 



.__ ,_ ., , .__.. ,. n some dry ehereoaJ powder. Another method is 

dered charcoal, A most beautiful comUualion will take place, with almost ei- 
plosire energy. This eiperimenl appears to the best aHvantags when the ni- 
tre is mehed in a Florence flask. When the powdered chaicoal ia added, a 
DHiBt aplendid combustion in the li'nn of a Tolcano takes place, Aa the flask 'n 
vsually melted by the intensity of the eomlmalion, it isneceasaij to perform the 
eiperimenl over the pneumatic cistern or a baain of water. 

Place the glaM cylinder of s lamp overs lighted candle. The candle 
■oon be eitinguiihed, becanse no freah air ran _. 

enter from beneath. The candle is also eitin- Fig, 113. 

cniabed when Ihe cylinder is coveipd at the top, 
attbough the cylinder is ao held that the air can 
gun admittance from below. In this oe 
candle ia eitinguiabed by the burnt gaaea 
■urronnd its flame end exclude the oiy^en ol Ihe 
air. Bui if the cr'inder ia placed unoorcred, on 
two pieces of wood, Ihe oandle cflniinuca to burn 
quielly, and by holding a taper rerrnily eitin- 



in al the bottom but eacapea at the lop, and Ibua a 
conslant supply of oiygen is aSarded to the flame, 
if Ihe upperpart of acylindcrof a lamp be divi- 
ded into two ohannela by a paiiilinn down ihe 
tht middle iFig. IH.). ths candle willihen bun 
irea ifeccest of air be cot off from l>e\ow. Tl 





XLEMBNTS OF CHSmSTBT. 



he drawn inwud* on one lida, and EipelM 
- the other, u indiDUed I9 ''*' 
iwa tn ihi fipira. loamDiKm Fig. 116, 



■Billed intolhis inferior portion, Ibe 
rtsik putdiiappean. The cait»n 
□r the dame t* in Ihii WB7 igoited 
on bolh ■urficns uf the fliune, and 
more intensely by rEaKm of ihe 
grenWr heit. On Ihii principle, the 
ArgatA Iiiw)» (Fij. 115.) BiB cod- 
Miuned. TheBituiidnilUedinlAiii 
■I a,a, Hndwilhontalb, A, umba»n 
by the amwi, and miy be made cv 
ident liy Ihe soiDke of a taper, 
^xtingiiishabie malch.mii together nilie 4, gun- 
" wipercyl - 



<M.) Foruii. 

powder 3. nilphi 

laden oTlhicfc anil hard paper, and (ilaee lliem 

in a Loafd, lo aupport them ID in upright poiitioi 

wilhlhemiilurc, rinmiiiigiUBijU. A ain^la nail will in this way hold Ibe pi. 

per cylinder £nnty to ilielnard. When act on fits theae cylinders cuool be 

190.) Cpon a board about 3 fnet, long place aereial heaps of gonpovdet abonl 

B inrhei apart, »el the powder with turpentine, and connect Ihe heap* Kjlh 

r, (ach other by moislrDing the space between with turpcniino. Now aimlx 

■ -■ ■ ■ nedheaonfUDwderaloneendoflbeboard. ThcflajoiemU 

without eiploding ii. 10 

I powder hespa will n- 

the flame conunenceJ. and end- 



l'*«eod, buiafterllietutpeoiine ii nearly eonsumed, iha 
I plode, beginning with the one at the end «h( 



laTofforin 



uiiy of iu corabnslion. Aio 
tion with turpentine. Place a , 
»hoL Inflame the aleofaol, an 
■ it has nearly hi 



ut kindling the phoiphonu , .. „ „,_. 

I line mHi liegnlHililuted for the aleohol, and aulphuror gunpowder for Ihe phoi 
I pborui. Ahfliholmay beinflamedons while hnenhandkerchieFwiihoni inioi 

■ .- .!.„ i__jt — L:.r .,.. i-„d mthoul inconvenience, althoogh attk 

r of the pne 



oelled- Float a hoop 01 






the water. Fill the space within the hoop with alcohol or tutpentuM, 
«hioh will Boat on the water, and set the alcohol on file. Within ibetallcoluinn 
of flame thus produced, the hand may be inserted, by carefully bending, the aim 
IhniuLh llie water below and Ihe atcobo) within the hoi^. ^ 

(9U The hollow nature of flame may be shown by thmwiogona end of ■ hibe 

' A ponionof whiieiu 

I suHicieal quantity to be 

d of being ignited) in the 

. - -- - junaling power. Take a 

miuctube, ors lamp chimney, and pasa through it a current of gaa, so thai air 

fiaahmtath'a Buicdfrniy vsith. Ihe ixnent m tht tubt. Aa the cunvnt iaauM 

Trom the lop of the lube. pWo orerit awiregauw, which will hare the eflfelM 

-■'--- and gas mare perfectly. If this mirture is now liehted, it will bttm 



(9B) The carbon of gas m-iy be consumed (ini 
fellowing manner, and the reaull will be a loss nf i 



iiDf unportsi 



only lo 



about the middle of U 
(93.1 The particles of caiboti in l\ic pin 



in addition lo them 




A jel tai 

isprm- 

.. _._ _ pieoosof fine 

bnin wiro. Khwh ore all liahllf wedged togethei by n. pointed lad driren inlo 
ths oeniBfof ihe buodla. Thii wrnn^einent pieaenisa greatnumlwrof meul 
hibea, yew long in proportion lo their diameter. The couling power af this 
great Burface ut meial ia auub u to pieveol Iko poEsibility la vhe pftuage of 
Hsin<, even that of oxygen and hydrogen. 

(96,) To illuBlrau the nction of the blowpipe flame, makeahmf (»ee "ehem- 
ioal pncosev") with Iforax nnd the oi:de of chrome, or The oxides of cobalt, man- 
ganflM.iroD. dio. ; also with carliomile of aodnand mineaBeae. Show tiie in- 
teiiM li^t produced by the fliiiuB on liyje. 

(M.) Bnbblesarthiiigwm»y be burnt aE they rise from I he iiurface of water. 
The orifices of gM jeu(Eipt 86.) for burning ihm gua should bo oiecedingly 

(07.) The miiad emes may be eiploded in loap bubbles, or u they rise from 
Ihe aurfaee of water. 

(98.) The old templea of the Guebrea, or lire worshippers, at Baku, on the 
western thoie of [he Caspian sen, are iiuilt over jets ot inflammable gas, which 
issue from apertures in the earth. Witbinan area oftwD miles in circumference 
i( holes be madeinihe earth gni :mmediiiiely rises, and may be set od fire by a 
lighted lorch. Jet* of inflummidjle gas hare been obaerved on a moiinlain in the 
ialaml of Samoa; alHiin Bengal in n lempte at Chiltagoag. and in many other 
places. A euKent of inlliunmsble gas was dtasoveied in 1826, in (he bed ot ■ 
rivDlal on the road between Kdinburgh and Glasgow, about seren miles fntn 
Glasgow. It WAS said 10 be emitted for more than half a mile ahjng the banhi 

^ey were salon lire and burnt uninterruptedly during file neeka, giiing 
elay soil the aupearance of powdered brick. 

IKS.) Alliany, N. v., coat, Virginia nnd New Castle, 4Dcts. 100 a, 

Balliioore, Md., do. do. and sonte resin. 40 

Bwilan, Haas., 'lu. Picton and some Cannel, 35 

Bulfalo, ?j. v., do. Ohio and Peiiiisyliailia, 35 

I . Charlaslon, S. C, do. Cnnnel, 60 

^_. Cincinalti, U„ do. Pittsburg and Yooghany, 30 

K Hartfard, Cl., do. Mewcutle, 40 

C Eochester, N.Y„ do. American Cannel, 4D 

r^ Jjancaswr, Pa., resin, 30 

I " NorfiJk,VB„ do- 70 

f90.] In front of the leiorta in the figure are seen too long ban 
^ II colbred is the calch, the other dark shaded is attached to I 
lort. Through the liehl coloied bar or the catoh a screw passes, liy turning 
which the lid is pressed closely to the retort. When the retorts are to be open- 
ed the screws aie unbound, the light colored bar ia lifted up from the cslch, and 
swung with the screw attached tti it wide open, the lid is then lifted off by the 
dark coloreil bar or the handle wbich i> attached lo it. Before the lid ia a^ain 
apphed to the retort, a miiture of ola^ and saiiiJ is auplteil arouud the edge which 
makea the juoctton with the retort air light when the lid ia screwed up. 
^ (100.) Ammooia for the putpoaea of eiperimont. ia more conTenienlly pre- 
paied by distUling liquid unmonia in a Florence flask or a retort. The 

■HI wdl issue with great rapidity, —■' ■■ ""— ' 

or tuba. When the " • - ' ■■ 

near the mouth, wl ^ 

but Ihc gas cannot he liiDg retained in this way. 



*hich I 



at rapidity, and amy be collected in ■ perfectly dry flasli 



J 




jKered wiih « 

uium. Plana •■iillpiere of putaaaium on in 
Fn Hdhenng lo it by bkttiing papci. It will imi 
»nfe-i«d powder, i ' 



.Jill Efneially be »«■ 

• nluiiDB of amioDnia iai» 
um will be (onned uial sil- 



iubrigbt aclallri: n 



Qfaedjbtely take 6re- _, ._ 
h a Ibe peniiid« of jinna 
ider. If lo thii pomkr • 
■ dinngBBCil wiib ellenna- 

>u ~.>..xu., — 1 on—'uiu ukei jne TDatanllr «hui 

_ ,_»... „■ , ...miiw acblondeoi' polanium. — When thrDnnoD walo- a 

pan of it Buntiinn with iha eij|in of the water, (annia; palub, while the 
otbrf pert uniua wilb the hj^diogeD lo fonn polaiisu retted bjrdraiteD. This gn 
ng very inflamnXble takee fiie, end by lis canbuelion ia eoBTened ialii pM> 
I and walT. Towsnli (he latter perl of thii eipeiimcDl Ibe pciu ••"•■« •^ 
da, *b4 Ihiowe about the polaah with nhich It ii ooTKed wuh c 
le eaine •flioa mil tnke plan if polannuni be Ihio 
«»...,,_/-jtion of WBler by pMaaaium may be aboiio by vn 
U* metal in paper, and intiwJBc!' ...... 
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Sbule of potaniuRi and ■ imill pises of pAaisAonii of Ihv site if b t)ilil p«a. 

ora wnno iron, uid ihej wQi unJis wilt i viiid combuslion, [oiming pHoiphnle 
of pMuK. — Tinuid potusiuBi unice whsn melled tngEIher in euual partn in m 
enicible. Light u cTotiEd ■( llle tnsliint of thEir DnioD. — Iq like uuinerpo- 

< < 1(17.1 Plxce ■ floliule of mercDiT about lbs liie of » pea, End a ^otnileof 
potauiiiuii aliDui hiilf u tii^, on ■ abeel of writing paper. B; lifting the pa- 
per brin^ ihe two metal* tnlo contaol. TKe inslnnt Itiia takci nU«, ihey will 
^ ^^.^ ,...:__ _rL__ ,.,.. .__, . -fluid, on account of 



camtiitw itiih Iho erolulion of beU. The amal^m at lint fli 
' heal, witl aoon Ijecocne Htlid. allKouch a amsll qunntity ol 
ibionl witb twiee (he aniinint of a liciuid laxtar. Put the 

ly fet oiyiien (of Ibe water), than for mercury, liy quickly 



Hydr^en ii 
!» by the decoraposilion df ih» I ■* .l_ — i — :_ j -_ 



bo amalgam ii wmppei 
in a tall jir]ua[ Ixnoalh the aurlaco o 
lipB mualm and fail to the bottom. i 
^rniilit e^eci tvilttake plsoe, tvbe 



amalgam iieipoied la the ait I .. . , ... 

ItOS.J A piece of dry potash Bifioaed to Iha air in a very few nunulea will 
become niiile damp and aoon melt away. 

(109.1 The foHowinf rniituie forma a iifapaimg jmalrr ; nitre 4, sulphurel 

^per with a wooden or irory apolula. A dram, or larger quantity la |daced 
Oaa piece of dty wood or iron, and (iied with a red hot iron. Inalanl deflai- 
nlioa accompanied by a great heat and dati ling light lakes place. — The fot- 
iDwing laiatnreUa/iifiniaaliiirjHuiifrr,* nilte lOgra., phosphoroi ! grs. Thia 

pinpowder with |.3 iia weight of powdered glaaa. Place a little of ihiamii. 
ture on an anvil, and ttrike it a heavy blow with a hammer. It will geneially 
explode with s loud report. — Into a ciucible containing red hot nitre, throw a 
Tew filing) ofarSBma, antinHiny, biiDinth, line, iron, Icul, tin. copper, dec Tho 

«tth detoaalioa. The aaaa effect takea place with the met^ltc aniphureti aa 
vith the netala. — Canada balaani freall|)> augmeola the Explosive energy of gun- 
powder. The flash of Ihemixlure ic atinaWntonEuuiatlliatof gunpowder, and 
the volume of flame is ouch ^aler. A email quantity of Eunpowdsr may be 
flashed in a wide mouthed phial without eiptoding it. but if the laokc amount 
be mixed with a litlJE thick Canada balsam and put iuio lite phial, and fired by 
■ alow match, the phial witl be blown to piecei with a very loud repots. 

(III).) Pulieriui 5 dramiuf nitre audS drama afaat autaoniac, and add S oi. 
of walettathem. Thia miiture will linklhe thennomeler Siom+XPUi -f-IO^ot 
40°. and wdt freeze oil of turpentine, wine water, sea water, milk, and vinegar. 

(1 12.) SoltiUi gliut, (soluble op accouot of the gtcat preportion of atkali 
which It ranuins :) pearUih 10. sand 15, charcoal 4. One pan of this glass is 

I, SDda^tu4S, frafBenta af glass oAike quality I(n,cnide of nanganeie 1-4. 
— FInl gla^' fine while aaod 130, well purified pearlash 40. lilhstge or red lead 
3S, nitn 13, and a small quantity of the black oiido of manganeae.— C'ruint 
gUa: See white sand 100, cartunate of lime 12, caibonate of soda calcined 4S 
b) 48, clippingsof crown ^lass 100, and a Imall quantity of maDgAnese.— Sollh 
d 100. coarse kelp (carhunste of ai ' 



pared from lea-weed) 30 to 40, liiivialed potash 160 to 170. fresh wood ashe* 
30 to 40. yellow clay or brick eanh 60 to 100, broken glass 100. 

Art. 314. DisKlve 3 patu of Glauber's sails in S of bailing water, and pouT 
tiii solution while hot into a phial, and cork the phial tightly- No prystaliza- 
lion will lake place, even when the solution is perfectly cold, but if the coik be 
reauved, Ibo crystaliaalion will pTT>ce«d with rapidity. If thia dof*s not lake 
" - 'Mhe introduction of any siAii tntoVoi tomninvM.* \\, wA.4« 



► tW. Krrtsiitg Rirhm viih tat anmimiae. Sal mnoiDniac 5 ilniDt. iiltpetn 

liilk, ind riiKfu'. — Dust tlie hand wiih pDwdeied ul BDitnuniac, or place ■ tea- 

'il of tba powdcird (alt in the hand, and add a lable-apoonful of water 

_. iMationofeoldwillbcTcTTilrong. 
B Paga 181. Calsn of ponWain. Dank purpi* bj manganese, nue rolorbjr 
tU pncipiiaEcd b; tin, eniue bj Bntiowny, blue in diSirent tAiada b; ami- 
Mijr. gnco bf eoppci, alio b; nickel nilh potaah, fine biown by nickel and 
tKt.—AttiirH<ifaIim'mrbimt'"blmliiri. Fill IhFee wine gtasna with cab- 
le liquor, amladd (0 one a liltla CDuriaiic acid. loIhsKcond a aohilian of 
m. Hid to the third • nolulion of polaih. Tbe liqunr fli ihe Cm glau will 

■ beautifiil crimaon, that of a aecond a piirplu, and the thiid a brigihl 

An infiuian of iaikipur and nMiv oihcr flawen will be ebanged W > 
... , a •oiniion of alum. 
W Art. Z61. Ftinl jlaaa may be beauliriilly calated KJIh mnnganeie by pounding 
I k dp in a mortar and mekinj aone of Ihe puwdrr Ihun oMained wild a minate 
r qnanlil)' of the bisck oiids ofmanganeu. eiihur before Ihe blowpipe, or in > 
f •rusiblcon thefira.— MiiaminulDquunnyof toan^anese wilhStinMa iu weight 
m ofborai, and with a brush lay Ihia mialure Dier an unbaked tile or lubauapipe. 

S ace Ihe lilejo the furnace until il i* baled, and Ihe lame ametbyst color will 
pmdueed. 
'' — Uugatof lead 1-2 oi.diaaolTe in water. Add Icn dropsof nitric acid or 
inegar. In ihia aolulion inapend by a •tring a piece of line afaoat iba 
a haael nut, and twill onca or twice nirwnd the line ■ piece of fioc 
braaa oraopperwinr, Tbe end of ihia wire ahould hang down in a taatefiil form, 
H the lead will be prectpilated upon it. No part of ihe wire or the lincahonld 
touch Ihe aide* of the boUle. I'ha nitric acid orvinrgar is added to the aolulion 
Udinolie a white cloudy precipitate, which ia often fanned when sugar of lead 
I b (liMolied in coDUDOn water, or when it is impure. Filtering the aidution, 
rill aniwcr Ihe aoine purpose. — A tin tree may be (onned by disaoMng muri> 
MoftinSdra. in water, and adding 10 dropi of nitric acid, from tliia Klu- 



I «« of tin 3 dra. in water, and adding 10 dropi of nitnc acid. From 

, nonihe tin maybe ntT«ipitaled *a Ihe lead in the last eiperiment. 

I 1180. Blue enameli for potcclsio are compoaed of vhilr mattrt and 

t quantity of robalL While enamel is a coni{>oiilion of pure wid 3. cniua i, 

f wriiwil bonu 3 ; or broken Hinl glwa 3, calcined horai I. aBlimoniale of pot. 

f bli I. The arseniale of cobalt it Ihe most coDTenient 6na in which this auh- 

[ tlnnre can be used, »» the aiaenic acid ia partly driven off by iho heat, and 

what ramnins acU aa ■ flui wilhoul ptoducing any color of ilaelf. Ths add!- 
L Hon of a small porlion of nitre often hringa out a finer color.— The aB[^ire ia 
[ irniialedby acampDiiitionofi(iA£Iiputt2oi,andDildeofeobaltSdna9.2Gera. 
I White pasta ia eompoaed of while sand first washed and purified with hydn- 
I ehloric acid, and then with water till the whole of the acid is removed. Of 
r white land Ihui prepared 100 parli are taken 10 form white paste, with red lead 
f ISO, calcined potash 30 to 35, oalidned boiai 10, oiido of arsenic I. Theaa 
I maleriala are kept in a aiale of fuiion for three or four daya. The paste thai 
f bmed ia thai friun which all Ihe artificial gems are formed by colonng with Ta- 

nout metallic of ides. 
381. A landKipe mny be drawn with India ink, and the foliage painted with 



and those painted with muriate of copper yellow. These coloi 
uain disappear as Ihe picture grows cold. If. however, ones strongly healed ' 
they become permanent. — Z«tlrrj may be drawn of these different colon 
which will be invitible when coMhui be bmught out by heat. 

PagelB9. Fu«btralh^, D/6i™att.- bismuth 8, lead t tin 1 ; bismath M, 
mereary IS, land 32; bismuth 4, lead 4, tin I. mereury f: bismuth I, lead!; 
bitmuiha, 1oad6,aDtimDny3.— MeltSdraiDB of nitrate of bismuth, and pOUf 
_ tie Dielled Dieul into a dram of raeicurj. Uelt also S dnunsof lead andiwilr 
into a dram of mercnry. When ou\ditieaBia\o^»tT.wJ«4-.^»A'*Vjni. i«£*kA. 
pjdberlJiey enter into a Btaleot fuaiou w"u.\ieao\i oftun.— VeSi«™*«™T,.-«*«- 



EXPBRIUENTS. 

the nitrate of bismuth when dij are invisible, but are bronght oat of ■ nrhit* 
colOT by immeraing tite punet in water, and of a biiwk Rolor by eipoiing Ihcm 
to B Blream of sulphuretted hjdrogf n. or touching tliem with s feathor dipped 
IB « solution of Bulphiiiet of potash. — A fine lemon colnr, Ihe chromate ol bit- 
mulh, is furmed by aJding chrMuste of pntaah to nitrate of biamulh. 

S89. M Inert detect cupper man ore b; dropping a little citric iicid upon tha 
ore, and after a time dipping a feather into Ihe acid, and wiping it over a |iol. 
istied knife blade. If iliere be tlie smallest quantity of copper in the ore this 
meul wilt be nrecipilsled on the knife. 

Page 305. Vellow letteis of the chromate of lead may be fortnod liy writing 
with a di lata solution of chiomaie of potash on a sheet of paper prepared with a 
salt of lead, as the acetate. 

PateZll. Sometimes B mined precipitate of tho chloride and the sulphate oF 
silrer is obtained. These may hn separated by raising the lemperature of Uie 
solution to tbe boiling paint, by which the sulphate uf silier will be rcdisaolred, 
but tbe chloride will remain undisi^clied. Tbe experiment may be tried by 
dropping into a glass of water a drop of BiilpburiG acid, and one or two drop! 
of hydrochloric acid. Add a little nitrate of silver and the mixed ptecipitati 
of the cbloiide and the sutphaie will be formed. 

303. Silier is also reduced from its soluliona by hydrogen, and by chloride of 

Ures, by diswing the figure on the ailk with the silver solutioo, and eiposing il to 
■ atream of hydrogen gas. 

303. Tho Daguerreotype plate ia brought to a high jxilish by rubbing il with 
Cripnli and mlten. giane, to which a little nitric ncid eiceedingly dilute hu 
boen added to insure a more elTeciual cteaniiH of the p!ale. This plate 
is neil eipoaed in a boi to the vapor which risea from iodine at oommon leiO' 
perUurcs. or without the application of heat. In thla box i[ ia allowed to re< 
main unlil it lias sequircd a yellow golden tint. It is Ihen tdued in a leconil 
box cDntainins bromiiie, Ihe fumes of which rising attack the plate and add n> 
UiB golden cufor a tietel tint. The plate is now ready to receive Ihe picture. 

men tbe pniper length of time it is removed. The effect has been produced on 
the plate, but this effect ia as yel invisible. To ■■ bring out the picture" the 
plate is placed in a hoi containing; mercury, and cipcsed la the fumea of Ibis 

beat from a spirit lamp beneath the mercury. In a ahon time the image cuoiea 
out, and to prevent any further action of light upon the picture, the latter ii 
oarcfuily vinubed in a solution of hyposulphite uf soda. This Bul>slanee dia- 
Kp'veaoffall the MMiiiveMai.™^ of the plate, that is all Ihe coating which ha« 
not been already noted upon by light, and fined by the processca lo which 
the plate baa been eipnsed. The plate ia gilded by dipping it into a mixture of 
the hyposulphite ofaoda and tbe chloride olEald, This acu like avamiah, fai- 
toning Ibe picture and giving it a mure agreeable yellow tint. 

In '"Taliiotyping" the pictures are majle un paper. Writing paper of good 
quality is washed on one aide with a moderately dilute solulian ot nitrate of 
silver, and left to dry spontaneously in a dark room. When dry it ia dipped 
into a tolution of iodide of putasaium and ^sin dried. To hasten this part of 
the process the papers are now generally dried between pieces of blotting or 

lighter by candle light. When required for use these papers are dipped inlo{nt 
mtberJlEiaff^daii, so as lo prepare only one sen ait ire surface — so otthe ptocetie£^ 

acid have been added gust before using), and once mare carofully dried. The 
paper thus prepared ia now iiitoduned into the camera and receives the 
picture. It IS so sensitive that eipaiflTe to diffuse daylight for one second suffi- 

taken out of the camera are invisible, but ore brought out by unce mar« 
washing tbe paper in the mixture of nitrate nf silver, acetic and gallic acida, 
and by warming it before the fiio. The picture ia tliea fixed bi w!b»iws«>'«i». 
■olulion of brouiide of jMitassiuto and by wostaoj in-waXoi. TVia'**.").'''-"* 
28* 



.KHSNTH OF CHCKiaTRT. ^^ 

s, lh»l b ill ilu li|thl« and ihadn in reiEnfd. In «dcr to etadua k 

M pIclUK Itac nrgnUn U piKpd OTer papei prepmrd foi lUe (wpov wtb 

' il nltct. in) buUi [Mpen an coveitd ana AcUUfFiAn' \iy ■ iliinplau 

The fluM il ihea utclioed io tht full litht of ll 




a abort lime, till tbe imji puBing throoyh the light parti of the acg- 
e hare darkennl tha paper benealii, and tbua [^oduf ed on ^at pa- 



pna^ti' 



• of (be 



tliie pictunw my (w obuined, uid thi> is, iWefoi 
_ tbia proceaa over the Da^ueinolypo. 

^ 'llinc an many other nytbodi of ransinE pictures on paper, which ban re- 

clitil ibe namea of " ebrancUype," or calmed picturci, ■' eoergialype," biw 

reltifl BenaitiveneH to light of the p^ier pr^pArrd hj lliia Bwthod, ** iod*^ 

wtrfire tiw picture ia foriDed with atarth and iodiae, dee. All tiieaa 

, tei, howerer, prooeed nn the lainegenpiB) plan. 

Ont great adnoUif e of Talhatyp«> oxer Da^emotypea i> that the formi 
beaeen ia all potiliona. while tU latter being fonned on a ledeciingai 



(THt degree. Daiueneolypea. 

Pue 216. Nell a kI<i<"iU of tin la a while heat, and drop it npon an , 
I lo>n£ il wilt break imo a multitude of biusII gtobulei, whieh lium with 

I fi|hl aathpy roUdom 

I oflia,— Tinmayboi 

to""' 




jnnlined 

to n finely diiided itnle by pouring it while melled 
of nbich hai been rubbed nith chalk, aad by iha. 
lid.— In coieiingplateaof itmi with tin, the x — ~ 



I Hand. It ia then i 



When taken 



id dried 






I 



malted tin, which not only adherea to ibe aor- 
.. . great meaaure penclraUa the whole plate — Tin platejnajbe 

fe«ulifully cryililiaed by heMinx it on or before % cl»r fire until ao hot that > 
drop of water lei (all apon it willboil, A waah ia Iben applied to Ib« nifaee 
Contiatingofequalparla of nitric and hydmchlurio acidi, *rier which IhcBlaiB 
ia rinaed in water to remDve the acid adhering Io it* surface. Thia Ktll be 
beautifully cty^laliied. Tha appearance ot the plate may be greattj Taried bj 
making one (lait facUer than the real brriiro ^plying ibe waib. 

Page 210. Antimony mi^ be fuaaj like (in under the blowpipe, and ifaiomi 
on an inclined boaid. The small globules into which it dindes. bum with a 
»ery lively flame, throwing out on all aidea brilliant iparka. — Heial aumotla 
for iroB pina *r4 faatencd into porcelain door kncba with » (older of lead 35, 
aT>iimoay I. This lolder melii al a tery low lemaerature. It ia poured into 
the knob in such a manner aa Io ontch in three amaJI hotea, the excess being 
RmoTcd by a amaU tool conlrired for the purpuae. 

DetaitaiiTig pomicr, with sulphurelDr antimony may be prepared with tbs fol- 
lowing proportiona : aulnhuret of antimony S era., chlorate of paiaah 3 era. 
Place a little of the miitun on an ami]. aruraKike it a audden bbw with > 
hammer- It eiplodea with aloud report and a vivid Same. — DifittTaiirui poo- 
in ; aulphorct of antimony 3 oa.. nitre 4 oi., sulphur 1 oa. Uii ibe malenala 
ir itoiy spatula, and luy about a dran 

. - r , ifwood or itoB. Fire with a ted bat 

iron, laslaat deflagration with daa^lin^ li^hl and great heat will be prodoeed. 

Art. 910. ii'ii a lew grains of melallic anenic with twice ita weight of gun- 
powder and iiD eijual weight of nitre. Crbd ihemiiture well, nod set fiic le it. 
The ABiimony will burn with great apteodar, producing a whitish blue Bame. 

313. Whiufirt, nitre £4, sulphur 7, ■wlgar2, pufieriied and miied inti- 
malety. 

319. If Ifsf gold be dropped into two glaaaes, one cantainin; pure nitric acid, 
and the other hydrochlgiic acid, Ihe gold will remain ondisKitred in both. But 
■■■'- ■ ' — be pouted together, the metal will be entirely 




Bipoaeit loi . 



r ailk witb a 
hydrogen oi 



inld in a DDifonn coaling on lh< lilk. In ibis vaj » 



iplulmnofgDld furgildins is piepared bj ■giliting n... _ 
■olniioB of ntiiD-muriBle of gold alwul ■ fourth part ofelhor. When Iborongtily 
Biied, nllow the mluiion to (land until the elherieparaleaiD an npner itratuiD. 
Thia nill coDtain the ethereal gold, and lair be rBrefulJy poured off into another 

after into wMer. becoinea coated with reduced gold, ia ethereal solution of 
platinum may be prepared in the same wuf. 

354. For 1^ gi1l«u of ink lake nutgalli 13 lt>a.,iulphat« of iron 5lb>., |um 
■BDegat 6 Ibc., water li galloni. The nutgalla are hniiaed and boiled for three 
hauls in a copper lesael of* depth equal tu itsdiuneter. Nine gallons of water 
■re at lirat uaed, and the remainder addi^d ta replace what is lost by evaporation. 
The dflcoclion is emptied into a tnb, allowed to aaitle. and the clear liquor 
drawn oiT. The less are then drained. To this decoction of nulgalla the gum 
diamtied in ■ tittle hot water end filtered ia addad. The aulphate of iron ia 
abo separately diaaolvedi and well mixed with the other ingredients. The color 
dorkena by degrees in the ait as the iron becomes poroiided. When ink is 
used in a pale state the writing is mare durable, hecanse iti particles are then 
finer and penetrate the paper more intinlHtely. Mould in ink ia owing to the 
truwih of a minute fungus. It may be preiFiiUd by the addition of a few 

phale uf iron. When dry the writing will be invisihie. By wetting a feather 
with tincture of galla and drawing over the letters they will braughi out of ■ 
bUck color. 

384. For red sealing wax oieU together with a rriy gentle heat shellac 48, 
Penidan babam I, and add gradually the finest cinnabar which baa been Ihor- 
oughly levigated. Mil the ingredieata well together by alirring. Or use Iha 
follawing ingredients : pale ahellac 1.4 oi,, turpentine 1 dmm. einnahar 1 dram, 
prepaid chalk 3-4 dnm.— for black lealingwaimii shellac 2 with it-oiy black 
1, and perfume with a little Peruvian hnlsam or utorai. 1'he sreat a^Bls appli- 
ed to certain legal dncumenta in England are made of a miilure of Venice tu> 

bhiome yellow, avire blue, tnouulain green, lamp-black, and bronze powder, 
are soma of the subalanees used to italoraenling wa>. 

389. When polasaium ia heaUd in cyanogen it takes fire and bums in a vcty 

391. Write with a weak aolution of sulphate ofiran. When dry the leltera 
will be inviaitfle, but a feather dipped in ferrocyanide of potassium will bring 

niing sulphate of copper instead of aulphate of iron. 

400. Cslartfer CAjmrii/ inindHui. — Grren, veidigris dissolved in water, and 
acetic aeid added :— aulphate of copper 2 uz.. salt i oi., oater 2D oi. ; add aolu- 
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uilphata of 


copper. Blue, 


limiid ami 


nonii 
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llition of sulpha' 




r;-^^rua»i, 


in bine 10 gn... 


Dial 


ioacidSOgra. 


16 OS. X;l«^di 
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u-lnin bark, or 


to beprefe 


rred), 


boiled in 




er. Onmgf.d 


taih until tl 




tint! 


a produce! 




.metimes «itph 




die added. 


f^*,roii 




«Slved i. 




er;-dissol.ei 


oi, in hydrochlo 


rioacidSoi 


i„ filter, add sol 


ution of CI 


urbot 




ce«.,(b«i)addl 


fluid m. of 




lion. 


anddibile 


wit! 


Iri^srf 



.... . , if ammonia. Piuyli, a 

Prassiau l-lue added to the red liquid ; sulphate of copper I oi.. carboni 
ammonia I 1-3 oi., water 2 1-2 pinla. Violet, ammonio-aulphate uf copper 
tsd with water, and enough of the pink color mentioned above to pradum 







I 



•boulil genenUj lie maulmid w _ _ 

Uieil tierore IhiT whnts ispoBred in. If, bt »UDple. tbesubsUnce 
inwalet. Ihe filter «bpuld be prBTJounly maitiPiiea withnater ; ifalcoW iatlie 
■iriTniithe filler ahoQld be muLiteiud nilh (leohol. When Ihus jnaiilened iba 
fitter i* Ins apt lo be bfokcn by the fluid vbiob a poured in, and it tino Hn- 
liquid or > diffennt nalnre. Tbui nhen water and on are mixed, irihe 
i)r miriatenrd with wnteiiheoil it preieaud FtDni pining thrcogh, 
and the oU may be Kparated. Waaitig a ji((n-,oi miller 
I the filler, ia done by directing a unall 

washing bottle {Fig. 1180. or Fig.118, 



Slteriaprarioiu! 
ind in ihi* ■ray t 



IhediDpning tube (Fig. IISJ Tbe lalte 
■mill it i> rull. The Ibomb is Ihoi pti 
ia Ihia waj tb . ■ .. . 

orertha filter, 

Fig.118. H 

;cess»ry 



a held u 
id over II 



1^ 



' the tube. Tbe droppini 

ImIhi far ania, it ia olWn 

jf the 'tube. Thii may he done by the blo"pipe, 
and bf pnuaing tbe end of the lulie nhile red but 
againut a aoiDolb blocli of wood. Tbia fuaion 
strengtben* Ihe end of the lube, and preienta ila 
icndencv to aplit apart when a cuA is nregsed into 
Tahad glaamliita.'if 



use the heat of a lamp. Heat the tube on all lidBS till it beg: 
then withdraw ii from tbe tamp, and bend it with the handa. 
gradual curre can ofteu be nbiained by allowing the tube to ik 
own nei^ht while rrd hot the required form. Large tutiea 

lamp or in a rumaco. It may then be drawn ml lot fine po 
Ihe point thus romird the tube ia perfeeily seated. On Ihe ei 
IfVB beta BSnlei beimetically Autit may bo blown by ihe heat ol > 
i more readilj liy the heal ot »cluircoa\ tiiriBEe., wyK'^'i*' 




CHSIUOAL PBOCBSSEa. 

lo Ihs tire, Tofil a tiAt in'iUn a cork, a hole tfae lize of Ihn lube it 
liol iron noinswhalRinilletthiinths lube to tie inwrted. and enlarging 
niigh the i 



lanser, and is iUelf n smoolbei surface. 

Proaafiir malms fifciopip! (woili. The finwl plslinum 
IfiB end bent inla bTiodI. (fig. 120.) This Kook should 
_.. k. , L_.. .L :... -'-Tever-DoinT-' -' 



ro is seleclBd, ai 

Fig. leo. 



thepoirdarthuBtiikenupiieipaKri to the blnwpipe flame. The nalerof crya- 
taliialioD ia Ihua driven olT, Hnd the borai mctta inio a transparent bead. Moist- 



en Ilia head Ihus fonoed ai 
i^ll ia ^y "cc 



ID the blow 









ingiy 

itportuiQ would often nndicihe bead opaque and deaira)' 
-■'- '--'-onate oraodn and aoveial other subslancea mn; Ih 

tb borai. Bod are ofien very uaeiul in de 

IH quantities . 

liquid reagents it is generally beat lo dilute tlie aolulio 

xaminalion with dinlilled water at pure ram water. 

' (Fip. 127.) at much of the substance as will till th( 
al quantity of water, and than drop in I 



eiceed- 

Bsalai- 
Beads 



1 of Ihs 
Henee, 



part of the tube to a, add 
portion of liie reagent wt 

CanjmiUon end -sathod of lutnj 
brown 1. Melt together aod add a 

When melted and well miied, allow ine wnoje tu cooi, iiu ii wui not oum lob 
hind when fhia ia wet. Then pour inta the hwida (bein|! wet) a liule or the 
cement, and work it up into a roll oi tlicL ll wiil be found moat convenient in 
this foim. These tails maysomelioiea be made on a wet table, and of larioiU 
■lies. We hace found it canvenionl to hare vatlaua siiea from an inoh thick 
downloasiie even smaller than the ordinary siie of sealing wax. SvsfiKa ta 

are alraoat Blwafs more or loss eoaied. On the lurface while heatn) rub aliltb 
cement, enough lo make a ooaiing. This will insure g perfect adheaion between 
the surface and the cement when melted and applied in larger quantity. This 
is the only run way of making perfectly ti^ht cement joints. 

IndKantiHgUipdd:aiKaaoa.B vessel to aboiher, it is often not only Donvenicnt 
but essential to prevent any loss of the liquid by rnnningover the aide ofthe full 
leaael, This may be done by holding a tube or a slip of |:Iub in contact wiltk 
Iheli^ or edge of this vessel. The liquid vVAfoUew down Ihesllp ortubeot 
glass into the vessel below without any loss fiom ihe above mentioned cause. 
Short slips and lubes of glaai for this and a great vaiiely of purposes, should ha 
kept on hand in a. JOT or wine glass of clear water, 1^ which the; may bo always 
ready fiw use. 

To prepare cahbage liquor, cut up the leaves of red cabbage into atrlpaand up- 
on tbelB pour boiling water, and allow the liquid to stand unlil cold. When 
cold iMur off the liquor, and it is ready for uso. infusion" from oilier subslsnoea 
■ametirnes require thai Ihe vesacl (as a cup) should be placed in Iniling water, 
aOerihis is poured upon the vegelalileaubaianae. Igua are made of varioui 
substances, »uoh as white lead, plaster of Paris, potleis" clay, &c. Where the 
article to be heated ia to beeipoaed lo great heat, the best luie is made of pot- 
ters' clay (or even ordinary clay) I part and while sand 3 parts. ' "" 



,tory vapor, potlets' clay is used (see Eipl. 20.) 
lanled Bgainfct, white lead is used. 



el oi al 



s, &c. Small oatlaol qWus 






iui«id. /<! Mwf %■«!• >/ (A'l 



It often be prolectn] rroni diut and ollwr can- 

jne by oiTcTing (be cvnponling dlah vjth » 
ixe- Tbi< JB BUpponedoalhreeittipaof gl*A 



|b beMdnwB t>r iDOtber iLrip or glu* vhich » pUced 
Q auke 1 daviU A'H]P- ^he ianer hat ' 
id « bain of piAebonrd 



hn^ of Hwd, and the o\ 



I kfadof adiMQi. A >if 
■ long liow, and vhni 



faerouUie mncchoop tikethi 
■. far s pipf r corer will Ia«t foi 



(Boog the tvmMiflimor* Uboral«7, wire of diffe^nlkindi and nzusbmld 
■jn be Bl iisod. Small <W|ipe[ wire (binding wire) it of conitant aeivice, 
re trivyJn n{ diflereai •iiec arc oflen uicful, particutarlr in mpportlDg ob- 



I »»rTB»«fiiL Importanl e 
•f null faeiliiieaofiliii ki 

II i* frngnemljF deainble to incrraie (a 



I tuip(a»in'thepnoeMof iiukia(oi7gengaa.) Thiinuy lie done by holdtaga 

— t. ., 1 -.^ the lamp. It will be found terj 

.-,- — . ,., .luantitT dlDmo" "' "'■ "-i-L ^ • 

■ Ixosd tup. a 



■iMlDC wilb a pait of piochan or tonga imall pi 
dipped in aleohoi. A great itolume offlame m 
danger ia incnrred if the lamp it a mala) one, n 
KDHTed tbould Ih* heat beeoms Inn grBit. 

To aave lima in (ff«r«n>u nswnxut. it maT b 
■rpiMib lotution, and ai 



enientlr tncr^«cd bj 
"Tn wBich hare been 
way produced. If o 
■Day at anr lima tw 



■ceive tlung Bj>id aoliilioiu, which, ennlain* 

_^ _ ^ unlSl (i)t anFoth"P"'T«e. Flaikamayof. 

lea b« oltantad by agilaliDg wet paper, alone or oiiied with wet nod, within 





mutir. The cheBpiHt ronn of guocneter U repRHnted in Fig. 131. Il 
I —t ODMieUora tin or iroDdeD boi.io whicbareiiMchfd a funiidtiibe,lb, 

' Wis. tSI. miule of liii,and eiiending nearly to the ballDm of the boi, a utopoock, 



Ihifu 



itopped with a cork or a metal cip. The giHHnfiter is filled 
.ler by stoppmi A, anUapeDingij, andiliiui;, whicliii asiopcoek 
' ' Water ii then poured in Bt t, by which the sir is 



lithe, 



An When folic and li are shut and tiaopened. 
^wfif T] when i is opened, » the water nithio the gnaomaler is »uppijrted by 
rjnT thepreuureofThealniosphere.' The gag is collected by Ibrualinith* 

^(kJThegaaia then heard lo huWile ouer, and riaea to the lop of the gaaom- 
]c^S_y eter within, while an equal bulk of water eicapei througbA (around Ike 
gu lube which ia not ao wide as b. and therefor? occupies but a portion of ita 
GUvityO When the gasometer is full of gas, b ia cloaed and a flexible tuba at* 
Cached ID d ; cii then opened, and water poured lu at i. Thia deicending into 
ih< gaaometer eipela tlie gas Ihioiigh d, and thiuugb the flexible tube stlaehBd 
Utdfbj which it i> conreyed where it is dciiied. The oonlents of the gaaome- 
tcr should be iI teail a culiic fool. 

The jmeanuitk cUlm ia made so as to contain one oi loare ganimelers with 
other conTeniencea for collocling or decanting gaaes. In Fig. 122 is repreaented 



Fig. 122. 







lera. Two are placed on each side i 
a wide space, (. filled with water 
tween. Water also flows orer the I 
of alt the Msoraetara, these beingplaced 
a liltle beWlbe top of the pueuinalia 



\~^^ L_Hiy Lall.^ iiie aiopcock of which may be open- 

ed or shut by the wires, h and i. These wires extend nearly to the lap of Ihs 
water, and this arrangement takes the place of ihe funnel tube, *, in the last fig- 
ttre. When the apace, i. is filled with water, b, b. b. b, (the two last belengiBg 
V> liie two mtiTHr gasometers are not reprssenied; are shut, and the four stop- 
cocks on the gasumeters (d), as well as the four tsItss (c). are opened. Tha 



le gas, by stopping the valt 






with the 



le conievinE the gas through thesi 
before. When filled with gas ihi 
isiag b, b, b.b, opening thetalies ( 






■ principle il applied in the on 




. ^ -SB >*prea»nu ihe nmnsB-imti 
I .Th< f* i)grncinl«l in tha lugirbi 
r --■ '"rin iWosmitllef bulile. 



. for wathing a gaj, ■■ hjdngen (ETpt. 94 ) 
lie and pnnd Ibrnngh lime welei n: BotDe 
, n Fig. 127 an (sen 1 MMWbe wid bolder. 

I Tlie holder ia tormed br (biding up apiece at fnpn into ■■trip about 

I Fi(. 13T.sa inch wlila uid four inobet long, utd cooluungfoiir oifive thick' 
- 1 neuea o( pwrr. Thi* Klip i> oiapped aboDl the lube, and held at ibe 
IwD ends. Tb*C UiIki are aoM at alwul SO cenU p«r daIel^ 
theprke depeBdiniuponiheilaiieMid quatilj. Rg. I2S. 

TbeKWreipiijof Iheeommor ■' "- "~ ' 

eoaied Hitb Taniiahed papei I 
lim liibe in Ibe nuuih. It i* 

trolype procesa hi Ibe aaioe reaHm. The Brrxeliu* btowpip« 
I jKig. I3u.) hu a plaUmim Jet, an iiroij tnoulh'piece, mul aa 



'pipe tVig. I! 



iipejV-ig. . — , — 
EDtiW badtuMofibe 

et girded bf iheclM- 

le Brrseliu " '" 



FlaHUlu 



either o! imd or caontebouc. Th« lUMr are lo h« 
prefenvd, but a lead tuhB,S vr 3 yatda 
>D len0h and pforided wilb a nopcock on 

tr bmu ttapccdtt iboald be oMained, 



ira. The fnr- Ku. 
>reH>ldaiSl.n0euh,lhe)sU«rM9(I.S5. Slxn 
/nildrvU-T may btoUiined for C0.50 per Hiiiaia 

j-_. t\, mi ^» Ibe nirihoii of mokiog In- 

■idhII amp of India niUbet 

eof the fpqtiifBd me. The 

MI'll or Ihe slrip an then cat o(F i^ a pair of acil- 
B in the diieelion KprEaenied irf 

^ .,._. .nL ^ ... Pig ,3, 
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